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ABSTRACT 


In  the  37th  annual  statistical  survey  of  current  model  vehicles 
conducted  by  the  Coordinating  Research  Council,  Inc.,  test  data  were 
obtained  on  383  1983  model  vehicles,  including  300  US  vehicles  and  83 
imported  vehicles.  Fifteen  laboratories  participated  in  this  Survey. 
Maximum  octane  number  requirements  were  determined  by  testing  under 
part-throttle  conditions,  as  well  as  at  maximum-throttle.  Require¬ 
ments  are  expressed  as  the  Research  octane  number.  Motor  octane 
number,  and  (R+M)/2  octane  number  of  the  reference  fuel  which  produced 
the  least  audible  knock  due  to  either  spark  or  surface  ignition, 
whichever  was  limiting.  Estimated  octane  number  requirements  for  the 
US  vehicles  are  weighted  in  proportion  to  the  1983  vehicle  model 
production  figures  and,  for  the  Imported  models,  in  proportion  to 
Import  sales  volume  in  the  United  States. 
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I.  INTRODUCTION 


In  the  37th  annual  statistical  survey  of  current  model  vehicles  conducted 
by  the  Coordinating  Research  Council.  Inc.,  test  data  were  obtained  on  383 
1983  model  vehicles.  Including  sixteen  knock  sensor-equipped  vehicles  and 
five  select  models  of  special  Interest.  Maximum  octane  number  requirements 
were  determined  by  testing  under  part-throttle  conditions,  as  well  as  at 
maxi  mum- throttle.*  Although  octane  number  requirements  were  determined 
according  to  the  50th  percentile  acceleration  technique  In  the  1981  and 
1982  Surveys,  this  technique  was  deleted  from  the  1983  program.  This  was 
replaced  by  extended  part- throttle  Investigation.  Surface  Ignition  was 
reported,  if  present. 

Passenger  cars  and  light-duty  trucks  Including  non-commercial  vans  (1/2-3/4 
ton  without  four-wheel  drive)  were  tested  to  represent  the  1983  vehicle 
population  in  the  United  States.  This  year's  Survey  includes  analyses  for 
the  following  vehicle  categories: 

(1)  US  and  Imported  Vehicles  —  383  vehicles 

(2)  US  and  Imported  Cars  —  359  cars 

(3)  US  Vehicles  —  300  vehicles 

(4)  US  Cars  —  283  cars 

(5)  Imported  Vehicles  —  83  vehicles 

It  should  be  noted  that  the  term  "cars"  designates  passenger  cars  only, 
while  the  term  "vehicles"  includes  passenger  cars  plus  vans  and  light-duty 
trucks. 

The  order  of  testing  reference  fuels  was  the  same  as  the  1982  Survey,  which 
was  as  follows: 

•  Tank  Fuel . 1st 

•  High  Sensitivity  Full-Boiling  Range  Unleaded 

(FBRSU)  Fuels . 2nd 

•  Average  Sensitivity  Full-Boiling  Range  Unleaded 

(FBRU)  Fuels . 3rd 

e  Primary  Reference  (PR)  Fuels . 4th 

Fifteen  laboratories  participated  In  this  Survey;  they  are  listed  in  Appen¬ 
dix  A.  Members  of  the  CRC  Octane  Number  Requirement  Survey  Analysis  Panel 
are  Identified  In  Appendix  B. 


*  Maximum-throttle  is  either  full-throttle  for  manual  transmissions  or 
widest  throttle  position  for  automatic  transmissions  that  does  not  cause 
the  transmission  to  downshift  (detent)  in  each  individual  car. 


II.  SUMMARY 


Vehicles  Tested 


Data  were  collected  on  383  1983  vehicles.  These  vehicles  consisted  of 
300  US  vehicles  and  83  imported  vehicles.  There  were  283  US  and  76 
imported  passenger  cars.  The  remainder  consisted  of  seventeen  US  and 
seven  imported  light-duty  trucks  and  vans.  The  1983  Survey  Included 
sufficient  data  for  five  specific  models  which  were  analyzed  separ¬ 
ately  as  select  models.  All  select  models  had  automatic  transmis¬ 
sions.  The  average  deposit  mileage  In  this  Survey  was  11,374.  The 
weighted  average  engine  displacement  and  compression  ratio  were  3.10  l 
and  8.66,  respectively.  Sixteen  vehicles  were  equipped  with  knock 
sensors. 


Octane  Number  Requirements 

Requirements  are  expressed  as  the  Research  octane  number  (RON),  Motor 
octane  number  (MON),  and  (R+M)/2  octane  number  of  the  reference  fuel 
which  produced  the  least  audible  knock  due  to  either  spark  or  surface 
ignition,  whichever  was  limiting.  Estimated  octane  number  require¬ 
ments  for  the  US  vehicles  are  weighted  in  proportion  to  the  1983 
vehicle  model  production  figures  and,  for  the  Imported  models,  in 
proportion  to  import  sales  volume  in  the  United  States. 

For  the  1981  and  1982  Surveys,  knocking  tendencies  were  investigated 
at  maximum-throttle  and  by  the  50th  percentile  acceleration  technique. 
For  the  1983  Survey,  the  50th  percentile  acceleration  technique  was 
eliminated.  Part-throttle  requirements  were  defined  when  their 
requirements  were  higher  than  the  maximum-throttle  requirements  or, 
with  FBRU  fuels  only,  when  they  were  within  four  octane  numbers  of 
maximum-throttle  requirements.  The  maximum  requirements  reported  for 
the  1983  Survey  were  determined  by  the  same  method  used  in  prior 
Surveys  (the  greater  of  maximum- throttle  or  part-throttle).  Maximum 
(high  borderline)  and  minimum  (low  borderline)  octane  number  require¬ 
ments  were  reported  for  the  knock  sensor-equipped  vehicles  when  deter¬ 
mined. 

This  is  the  first  Survey  in  which  requirements  for  knock  sensor- 
equipped  vehicles  were  included  in  the  distribution.  The  base  analy¬ 
sis  case  for  this  report  uses  the  maximum  (high  borderline)  octane 
number  requirements  of  these  vehicles.  The  following  table  for  FBRU 
fuels  presents  maximum  1983  octane  number  requirements  and  changes 
from  1982  for  the  five  sample  categories,  at  the  50  percent  and  90 
percent  satisfaction  levels. 


All  US  and  Imported  Vehicles 

90.8 

96.0 

83.3 

86.7 

A  from  1982 

+1.2 

+1.1 

+0.7 

+1.1 

All  US  and  Imported  Cars 

90.7 

96.3 

83.3 

86.9 

A  from  1982 

+1.0 

+1.5 

+0.7 

+1.3 

All  US  Vehicles 

90.6 

95.8 

83.2 

86.5 

A  from  1982 

+1.0 

+0.8 

+0.6 

+0.8 

All  US  Cars 

90.6 

96.1 

83.2 

86.8 

A  from  1982 

+0.9 

+1.3 

+0.6 

+1.3 

Imported  Vehicles 

91.3 

96.5 

83.7 

87.0 

A  from  1982 

+1.6 

+1.8 

+1.1 

+1.5 

*  Note:  1983  data  Include  the  maximum  (high  borderline)  requirements 
for  knock  sensor-equipped  vehicles. 


The  following  table  illustrates  the  Impact  of  knock  sensor-equipped 
vehicles  on  the  five  weighted  populations  for  the  FBRU  fuel  series. 
At  the  current  market  penetration  levels,  inclusion  of  the  knock 
sensor-equipped  vehicles  at  their  maximum  (high  borderline) 
requirement  reduces  the  population  requirements  relative  to  those 
calculated  by  excluding  knock  sensors  on  the  order  of  0.1  RON  at  low 
satisfaction  levels,  and  increases  the  requirements  the  same  order  at 
high  satisfaction  levels.  Calculating  the  population  requirements 
with  the  minimum  (low  borderline)  knock-sensor  requirements  reduces 
the  requirements  0.2  to  0.4  RON. 
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KNOCK-SENSOR  IMPACT  ON  WEIGHTED  POPULATION 
FBRU  RON  REQUIREMENTS 


RON  Maximum  Octane  Number  Requirements 


30% 

50% 

70% 

90% 

Weighted  Population 

Sat. 

Sat. 

Sat. 

Sat. 

All  US  and  Imported  Vehicles 

KS-H**  89.1 

90.8 

92.4 

96.0 

(5.96%)* 

NKS 

89.2 

90.8 

92.4 

95.9 

KS-L 

88.8 

90.6 

92.2 

95.8 

All  US  and  Imported  Cars 

KS-H 

89.1 

90.7 

92.5 

96.3 

(3.70%) 

NKS 

89.0 

90.7 

92.4 

96.2 

KS-L 

88.8 

90.6 

92.2 

96.1 

All  US  Vehicles 

KS-H 

89.0 

90.6 

92.2 

95.8 

(5.68%) 

NKS 

89.2 

90.7 

92.2 

95.7 

KS-L 

88.7 

90.4 

91.9 

95.4 

All  US  Cars 

KS-H 

89.1 

90.6 

92.3 

96.1 

(3.42%) 

NKS 

89.0 

90.6 

92.2 

95.9 

KS-L 

88.7 

90.4 

92.0 

95.7 

Imported  Vehicles 

KS-H 

89.5 

91.3 

93.1 

96.4 

(0.28%) 

NKS 

89.4 

91.3 

93.0 

96.3 

KS-L 

*  Knock  sensors  as  normalized 

percent 

of  total 

producti on 

for 

associated  population. 


KS-H  *  Knock  Sensors  -  Maximum  (High  Borderline)  Requirement 
NKS  =  No  Knock  Sensors 

KS-L  =  Knock  Sensors  -  Minimum  (Low  Borderline)  Requirement 


Maximum  octane  requirements  for  the  select  models  at  the  50  percent 
and  90  percent  satisfaction  levels  for  FBRU  fuels  are  summarized  on 
the  next  page. 
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SELECT  MODELS 

MAXIMUM  FBRU  OCTANE  NUMBER  REQUIREMENTS 


RON 

MON 

Select  Model 

No. 

Tested 

50% 

Sat. 

"90?" 

Sat. 

50% 

Sat. 

90% 

Sat. 

NGA  238A3/HGA  238A3/ 

IGA  238A3/LGA  238A3 

18 

91.9 

99.6 

84.1 

89.4 

NJP  F20A3/LJP  F20A3/ 

GLP  F20A3 

22 

95.0 

98.0 

86.0 

88.0 

0A4  216A3/MA4  216A3 

16 

91.9 

95.2 

84.1 

86.1 

003  238A3/0D3  238A4/ 

MD3  238A3/0E3  238A3/ 

0E3  238A4/ME3  238A4 

21 

88.8 

93.3 

82.0 

85.0 

PKC  222A3/KKC  222A3 / 

DKC  222A3/KEC  222A3 

DEC  222A3 

21 

89.6 

95.5 

82.5 

86.5 

C.  Maximum  Octane  Number  Requirements  at  Part-Throttle 

Incidence  of  part-throttle  knock  with  FBRU  greater  than  maximum- 
throttle  knock  was  slightly  higher  in  1983  than  in  1982.  Maximum 
requirements  occurred  at  part-throttle  in  16.4  percent  of  all  1983 
model  vehicles  with  FBRU  fuels  (63  of  383  vehicles),  compared  with 
12.0  percent  in  1982  and  9.8  percent  in  1981. 


D.  Tank  Fuel  Knock  Reported  by  Trained  Raters 

In  the  1983  Survey,  44.6  percent  of  the  weighted  vehicle  population 
knocked  on  tank  fuel,  which  compares  with  41.6  percent  in  the  1982 
Survey  and  42.9  percent  in  the  1981  Survey. 


E.  Surface  Ignition 

There  were  three  reports  of  surface  ignition  in  the  1983  Survey. 
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Road  Octane  Number  Depreciation 

Road  octane  number  depreciation  of  FBRU  fuels  In  the  range  88  to  98 
RON  varied  from  1.2  to  2.6,  compared  with  0.9  to  2.5  In  the  1982 
Survey.  Depreciation  of  FBRSU  fuels  In  the  range  of  88  to  99  RON 
varied  from  2.0  to  3.9,  compared  with  2.3  to  4.1  in  last  year's 
Survey. 


Speed  Range  Octane  Number  Requirements 

Octane  number  requirements  across  engine  speed  range  were  determined 
on  225  vehicles  with  primary  reference  fuels. 


Sear  Position  for  Maximum  Requirements 

Of  the  383  vehicles  tested,  77  percent  were  equipped  with  automatic 
transmissions  and  23  percent  were  equipped  with  manual  transmissions. 
Maximum  requirements  at  maxi  mum- throttle  occurred  In  83.4  percent  of 
automatic  transmission  vehicles  (11.9  percent  in  fourth  gear,  52.9 
percent  in  third  gear,  and  18.6  percent  in  second  gear).  Maximum 
requirements  at  maximum-throttle  occurred  In  84.1  percent  of  manual 
transmission  vehicles  (67.1  percent  In  fourth  gear,  15.9  percent  In 
third  gear,  and  1.1  percent  In  second  gear). 


TEST  VEHICLES 


This  year's  Survey  tested  a  total  of  383  1983  model  vehicles,  compared  with 
438  vehicles  In  the  1982  Survey.  The  analysis  of  the  data  Included  359 
passenger  cars  (283  US  and  76  Imports)  and  24  non-commercial  vans  and 
light-duty  trucks  (17  US  and  7  Imports).  Also  Included  are  sixteen  knock 
sensor-equipped  vehicles  (twelve  US  passenger  cars,  three  US  trucks,  and 
one  Imported  car). 

A  sufficient  amount  of  data  (sixteen  or  more  vehicles)  was  obtained  for 
five  specific  engine  models  which  were  analyzed  as  select  models.  All 
select  models  had  automatic  transmissions,  as  shown  In  Table  I. 

In  the  1983  Survey,  77  percent  of  the  transmissions  were  automatic.  Three- 
quarters  of  the  automatics  were  three-speed,  and  the  rest  four-speed.  The 
manual  transmissions  were  divided  into  one-fifth  four-speed  and  four-fifths 
five-speed.  Ninety  percent  of  the  surveyed  vehicles  were  air-conditioned. 

Table  II  shows  the  distribution  of  odometer  mileage  for  both  the  1982  and 
1983  Surveys.  The  1983  distribution  Is  shown  as  a  bar  chart  In  Figure  1. 
The  average  odometer  mileage  was  11,374.  The  weighted  average  displacement 
In  1983  was  3.10  z,  compared  with  2.94  In  1982.  The  weighted  average 
compression  ratio  In  1983  was  8.66,  compared  with  8.58  in  1982. 

The  basic  timing  was  adjusted  to  the  manufacturers'  recommended  setting 
prior  to  testing.  A  total  of  fifty- three  vehicles  were  adjusted;  twenty- 
three  were  more  than  +2  degrees  off  from  the  manufacturers'  setting.  The 
number  of  vehicles  and  their  deviation  in  spark  setting  are  shown  in  Table 
III. 

Participants  were  requested  to  rate  specific  vehicle  models  in  a  pattern 
which  would  minimize  data  bias  due  to  differences  in  testing  and  vehicle 
sampling.  The  United  States  was  divided  into  four  geographical  areas  with 
the  requested  ratings  for  a  given  model  divided  among  laboratories  within 
each  geographical  area. 
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IV.  REFERENCE  FUELS 


Three  series  of  reference  fuels  were  used  In  the  1983  Survey:  primary 
reference  (PR)  fuels;  average  sensitivity  full-boiling  range  unleaded 
(FBRU)  reference  fuels  with  sensitivities  similar  to  those  of  normal  com¬ 
mercial  gasoline;  and  high-sensitivity  full -boiling  range  unleaded  (FBRSU) 
reference  fuels  with  sensitivities  higher  than  the  FBRU  fuels. 


A.  PR  Fuels 


Isooctane  and  normal  heptane,  meeting  ASTM  specifications,  were 
blended  In  two  octane  number  Increments  from  76  to  82  RON,  and  In  one 
octane  number  Increments  from  82  to  100  RON. 


B.  FBRU  Reference  Fuels 

FBRU  fuels  were  prepared  from  three  base  blends  (RMFD-344-83,  RMFD- 
345-83,  and  RMFD-346-83)  In  two  octane  number  Increments  from  78  to  84 
RON,  and  In  one  octane  number  increments  from  84  to  102  RON. 

The  base  blends  were  prepared  from  normal  refinery  components. 
Inspection  data  furnished  by  the  supplier  are  compared  with  those  of 
the  1982  FBRU  fuels  In  Appendix  C,  Table  C-I.  The  physical  inspec¬ 
tions  of  the  1983  fuels  were  similar  (in  most  instances)  to  those  of 
the  1982  fuels;  however,  the  aromatics  content  of  the  Intermediate 
fuel  Is  higher  In  1983,  while  Its  saturates  content  is  lower. 

The  composition  and  average  laboratory  octane  data  for  the  1983  FBRU 
reference  fuel  series  are  presented  in  Appendix  C,  Table  C-II,  with 
the  sensitivities  compared  with  the  1982  fuels  in  Table  C- III.  The 
sensitivities  of  the  1983  fuels  were  similar  to  those  of  the  1982 
fuels  up  to  90  octane,  and  had  lower  sensitivities  than  the  1982  fuels 
above  90  octane. 


C.  FBRSU  Reference  Fuels 


FBRSU  fuels  were  prepared  from  three  base  blends  (RMFD-347-83,  RMFD- 
348-83,  and  RMFD- 349-83)  in  two  octane  number  increments  from  78  to  84 
RON,  and  in  one  octane  number  increments  from  84  to  102  RON. 

The  base  blends  were  prepared  from  normal  refinery  components. 
Inspection  data  furnished  by  the  supplier  are  compared  with  those  of 
the  1982  base  blends  in  Appendix  C,  Table  C-IV. 

The  laboratory  blending  octane  data  for  the  1983  FBRSU  reference  fuels 
are  presented  in  Table  C-V,  with  the  sensitivities  compared  with  the 
1982  fuels  In  Table  C-II I.  The  sensitivities  of  the  1983  fuels  were 
slightly  lower  than  the  1982  fuels  below  89  RON,  and  slighter  higher 
above. 


Y.  TEST  TECHNIQUE 


The  test  technique  (CRC  Designation  E-15-83,  Attachment  2  of  Appendix  D) 
specified  that  octane  number  requirements  be  determined  at  level  road 
acceleration  conditions.  The  order  of  fuel  testing  was  tank  fuel,  FBRSU 
fuels,  FBRU  fuels,  and  PR  fuels.  Knocking  tendencies  were  investigated 
using  both  maximum-throttle  and  part-throttle  acceleration  techniques. 
Part- throttle  was  investigated  in  each  vehicle  to  determine  if  the  part- 
throttle  requirement  was  higher  than  the  maximum  maximum-throttle  require¬ 
ment.  In  these  cases,  the  part- throttle  requirement  search  was  conducted 
with  all  three  fuels.  Part- throttle  requirements  were  also  determined  with 
FBRU  fuels  down  to  four  numbers  below  the  maximum  maximum- throttle  require¬ 
ments. 

The  50th  percentile  acceleration  technique,  used  in  the  1981  and  1982 
programs,  was  eliminated  from  the  1983  program. 

The  occurrence  of  other  abnormal  combustion  noise,  such  as  surface  igni¬ 
tion,  was  also  reported. 

The  octane  number  requirement  of  a  vehicle  is  defined  as  the  Research  or 
Motor  octane  number  of  the  highest  octane  test  fuel  producing  borderline 
knock  which  is  induced  by  spark  or  surface  ignition.  The  maximum  octane 
number  requirement  of  the  vehicle  is  defined  as  the  highest  requirement  at 
maximum-  or  part-throttle.  Maximum  octane  number  requirements  were 
obtained  over  the  speed  range  with  PR  fuels  only. 

A  modification  of  the  E-15-83  technique  was  provided  for  vehicles  equipped 
with  knock  sensors,  and  is  appended  to  Attachment  2  of  Appendix  D.  This 
technique  identifies  the  highest  octane  fuel  that  gives  borderline  knock 
(maximum  or  high  requirement)  and  the  lowest  octane  fuel  that  gives  border¬ 
line  knock  (minimum  or  low  requirement). 


VI.  DISCUSSION  OF  RESULTS 
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VI.  DISCUSSION  OF  RESULTS 


A.  General 


Of  the  fifteen  participating  laboratories,  four  used  level  roads,  ten 
used  chassis  dynamometers,  and  one  laboratory  used  both.  Sixty-seven 
percent  of  the  cars  were  tested  on  chassis  dynamometers. 

Average  test  temperature  was  72°F,  with  a  barometric  pressure  average 
of  29.73  inches  Hg  and  average  humidity  of  68.2  grains  per  pound.  Test 
conditions  for  individual  observations  are  reported  in  Appendix  E. 


B.  Distribution  of  Maximum  Octane  Number  Requirements 


The  octane  number  requirement  data  were  used  to  prepare  satisfaction 
curves  and  tables  for  the  following  samples  of  1983  model  vehicles: 
(1)  US  and  Imported  Vehicles;  (2)  US  and  Imported  Cars;  (3)  US 
Vehicles;  (4)  US  Cars;  and  (5)  Imported  Vehicles.  Research  and  Motor 
octane  number  requirements  for  the  five  categories  at  50  percent  and 
90  percent  satisfaction  are  shown  In  Table  IV.  In  preparing  the 
curves  and  tables,  the  octane  number  requirement  data  were  weighted  In 
accordance  with  final  1983  model-year  production  data,  and  with  US 
sales  figures  in  the  case  of  Imports.  Each  curve  and  table,  there¬ 
fore,  provides  an  estimate  of  the  distribution  of  octane  number 
requirements  of  the  appropriate  vehicle  population  on  the  road.  The 
procedure  for  assigning  weighting  factors  and  for  calculating  the 
octane  number  requirement  distributions  is  described  in  Appendix  F. 

Vehicles  equipped  with  knock  sensors  were  included  in  the  1983  models 
tested.  The  vehicles  with  knock  sensors  (knock-limiter  devices)  were 
tested  for  maximum  (high  borderline)  octane  number  requirements  and 
minimum  (low  borderline)  octane  number  requirements.  Octane  number 
requirement  distributions  were  calculated  for  each  group  of  vehicles 
using  the  requirements  from  those  vehicles  with  knock  sensors  rated  at 
maximum  (high  borderline)  requirement,  with  their  ratings  at  minimum 
(low  borderline)  requirement,  and  with  those  vehicles  with  knock 
sensors  excluded.  The  results  are  tabulated  in  Tables  XXV  through 
XXXIX.  Maximum  octane  number  requirements  for  the  1983  model  vehicles 
were  considered  to  be  the  requirements  which  included  the  knock 
sensor-equipped  vehicles  at  the  maximum  (high  borderline)  requirement. 
The  tabulated  results  of  the  individual  knock  sensor-equipped  vehicles 
tested  are  reported  in  Appendix  H. 


1.  US  and  Imported  Vehicles 

In  the  1983  Survey,  maximum  octane  number  requirements  were 
determined  on  383  vehicles  with  FBRU  fuels,  and  on  376  vehicles 
with  FBRSU  and  PR  fuels.  Sixteen  of  the  vehicles  were  equipped 
with  knock  sensors. 
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Maximum  Research  octane  number  requirements  for  all  three  refer¬ 
ence  fuels  are  shown  in  Figures  2a,  3a,  4a  (rectangular  coordi¬ 
nates)  and  2b,  3b,  4b  (probability  plots).  Each  plot  compares 
the  requirements  with  knock-sensor  ratings  at  the  maximum  (high 
borderline)  level,  at  the  minimum  (low-borderline)  level,  and 
with  knock  sensor-equipped  vehicles  excluded.  The  maximum 
Research  octane  number  requirements  for  all  three  reference  fuels 
are  plotted  in  Figures  5a  (rectangular  coordinates)  and  5b 
(probability  plot).  The  octane  number  requirement  distributions 
for  each  case  are  very  nearly  the  same.  Maximum  Research,  Motor, 
and  (R+M)/2  octane  number  requirements  are  listed  in  Table  V. 
The  50  percent  and  90  percent  satisfaction  level  requirements  are 
as  follows: 


MAXIMUM  OCTANE  NUMBER  REQUIREMENTS 
(US  and  Imported  Vehicles) 


50%  Satisfied  90%  Satisfied 


Fuel 

RON 

MON 

RON 

PR 

89.4 

89.4 

89.4 

93.6 

93.6 

93.6 

FBRU 

83.3 

87.1 

96.0 

86.7 

91.4 

FBRSU 

91.5 

81.6 

86.5 

97.4 

85.5 

91.4 

Comparisons  of  1983  and  1982  Survey  maximum  Research,  Motor,  and 
(R+M)/2  octane  number  requirements  are  shown  in  Tables  VI,  VII, 
and  VIII,  respectively,  for  all  three  fuel  series.  Distributions 
of  maximum  RON  requirements  are  shown  in  Figure  6  for  PR  fuels. 
Figure  7  for  FBRU  fuels,  and  Figure  8  for  FBRSU  fuels.  The  dif¬ 
ferences  at  the  50  percent  and  90  percent  satisfaction  levels  are 
summarized  in  the  following  table: 


DIFFERENCES  BETWEEN  1983  AND  1982  MAXIMUM 
OCTANE  NUMBER  REQUIREMENTS 

(US  and  Imported  Vehicles) 


Fuel 


50%  Satisfied 
R0N~  M0N~  (r+m)/2 


RON 


90%  Satisfied 
MOfT  (R+M)/2 


+0.5  +0.5  +0.5 
+1.1  +1.1  +1.1 
+0.9  +0.5  +0.6 


PR 

FBRU 

FBRSU 


+0.6  +0.6  +0.6 

+1.2  +0.7  +1.0 

+0.3  +0.1  +0.2 
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Confidence  limits  for  maximum  octane  number  requirement  distribu¬ 
tions  are  given  in  Appendix  G,  Table  G-I.  The  95  percent  confi¬ 
dence  limits  for  Research  octane  number  requirements  varied  from 
+0.31  to  +0.46  at  the  50  percent  satisfaction  level,  and  from 
+0.42  to  +0.63  at  the  90  percent  satisfaction  level. 


2.  US  and  Imported  Cars 

Maximum  octane  number  requirements  were  determined  on  359  US  and 
imported  cars  with  FBRU  fuels,  and  on  352  cars  in  the  case  of 
FBRSU  and  PR  fuels.  Thirteen  of  the  vehicles  were  equipped  with 
knock  sensors. 

Maximum  Research,  Motor,  and  (R+M)/2  octane  number  requirements 
on  all  three  fuel  series  are  given  in  Table  IX.  The  maximum 
Research  octane  number  requirement  distributions  for  all  three 
reference  fuels  are  plotted  in  Figures  9a  (rectangular  coordi¬ 
nates)  and  9b  (probability  plot).  Maximum  octane  number  require¬ 
ments  at  the  50  percent  and  90  percent  satisfaction  levels  are 
summarized  in  the  following  table: 


MAXIMUM  OCTANE  NUMBER  REQUIREMENTS 
(US  and  Imported  Cars) 


50%  Satisfied  90%  Satisfied 


Fuel 

RON 

MON 

(R+Mj/2 

RON 

MON 

( R+M )  / 2 

PR 

89.3 

89.3 

89.3 

93.8 

93.8 

93.8 

FBRU 

90.7 

83.3 

87.0 

96.3 

86.9 

91.6 

FBRSU 

91.4 

81.6 

86.5 

97.7 

85.7 

91.7 

The  maximum 

Research 

i  octane 

number 

requirements  for 

1983  US 

imported  cars  are  compared  with  1982  model-year  data  in  Table  X 
for  PR,  FBRU,  and  FBRSU  fuels.  Corresponding  comparisons  of 
Motor  and  (R+M)/2  octane  number  requirements  are  given  in  Tables 
XI  and  XII,  respectively.  Differences  between  1983  and  1982  data 
at  the  50  percent  and  90  percent  satisfaction  levels  are  as 
follows: 

DIFFERENCES  BETWEEN  1983  AND  1982  MAXIMUM 
OCTANE  NUMBER  REQUIREMENTS 

(US  and  Imported  Cars) 


50%  Satisfied  90%  Satisfied 


Fuel 

MON 

( R+M)/2 

RON 

MON 

( R+M ) / 2 

PR 

+0.6 

+0.6 

+0.6 

+0.9 

+0.9 

+0.9 

FBRU 

+1.0 

+0.7 

+0.8 

+1.5 

+  1.3 

+  1.4 

FBRSU 

+0.2 

+0.1 

+0.1 

+  1.0 

+0.6 

+0.8 
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Confidence  limits  for  maximum  octane  number  requirement  distribu¬ 
tions  of  1983  US  and  imported  cars  are  given  in  Appendix  G,  Table 
G-I.  The  95  percent  confidence  limits  for  Research  octane  number 
requirements  varied  from  +0.34  to  +0.51  at  the  50  percent  satis¬ 
faction  level,  and  from  +0.46  to  +0.69  at  the  90  percent  satis¬ 
faction  level. 


US  Vehicles 

Maximum  octane  number  requirements  were  determined  on  300  US 
vehicles  with  FBRU  fuels,  and  on  293  vehicles  with  FBRSU  and  PR 
fuels. 

Distributions  of  maximum  Research  octane  number  requirements  are 
plotted  in  Figures  10a  and  10b  for  the  three  fuel  series. 
Research,  Motor,  and  (R+M)/2  octane  number  requirements  for  the 
US  vehicles  are  given  in  Table  XIII.  Octane  number  requirements 
at  the  50  percent  and  90  percent  satisfaction  levels  are  listed 
below: 

MAXIMUM  OCTANE  NUMBER  REQUIREMENTS 


(US  Vehicles) 


50%  Satisfied 


90%  Satisfied 


R+M 


2.7 

92 

6.5 

91 

5.7 

91 

Comparisons  of  maximum  octane  number  requirements  of  1983  and 
1982  US  vehicles  for  the  three  fuel  series  are  given  in  Tables 
XIV,  XV,  and  XVI  in  terms  of  RON,  MON,  and  (R+M)/2,  respectively. 
Distributions  of  maximum  Research  octane  number  requireme'ts  are 
shown  in  Figure  11  for  PR  fuels,  in  Figure  12  for  FBRU  fuels,  and 
in  Figure  13  for  FBRSU  fuels.  Differences  between  octane  number 
requirements  of  1983  and  1982  US  vehicles  at  the  50  percent  and 
90  percent  satisfaction  levels  are  given  in  the  following  table: 


DIFFERENCES  BETWEEN  1983  AND  1982  MAXIMUM 


OCTANE  NUMBER  REQUIREMENTS 


(US  Vehicles) 


50%  Satisfied 


R+M  /2 


90%  Satisfied 
MON  (R+M)/2 


0.4 

+0.4 

0.6 

+0.8 

0.1 

0.0 

0 

0.0 

8 

+0.8 

2 

+0.8 
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Confidence  limits  for  maximum  octane  number  requirement  distribu¬ 
tions  of  1983  US  vehicles  are  tabulated  in  Appendix  G,  Table  G-I.  • 

The  95  percent  confidence  limits  for  Research  octane  number 
requirements  were  from  +0.34  to  +0.55  at  the  50  percent  satisfac¬ 
tion  level,  and  from  +0.45  to  +0.74  at  the  90  percent  satisfac¬ 
tion  level. 


4.  US  Cars 


Maximum  octane  number  requirements  were  determined  on  286  US  cars 
with  FBRU  fuels,  and  on  279  cars  with  FBRSU  and  PR  fuels. 

Distributions  at  maximum  Research  octane  number  requirements  are 
plotted  in  Figures  14a  (rectangular  coordinates)  and  14b 
(probability  plot)  for  the  three  fuel  series.  Maximum  Research, 
Motor,  and  (R+M)/2  octane  number  requirements  for  all  three  fuel 
series  are  given  in  Table  XVII,  and  summarized  below  for  the  50 
percent  and  90  percent  satisfaction  levels: 


MAXIMUM  OCTANE  NUMBER  REQUIREMENTS 
(US  Cars) 


50%  Satisfied  90%  Satisfied 


Fuel 

RON 

MON 

(ft+Mj/2 

RON 

■MM 

MjEgHjj 

PR 

88.9 

88.9 

88.9 

92.7 

92.7 

92.7 

FBRU 

90.6 

83.2 

86.9 

96.1 

86.8 

91.4 

FBRSU 

91.2 

81.4 

86.3 

98.1 

86.0 

92.0 

The  maximum  Research,  Motor,  and  (R+M)/2  octane  number  require¬ 
ments  of  US  cars  tested  in  the  1983  and  1982  Surveys  are  compared 
in  Tables  XVIII,  XIX  and  XX,  respectively,  for  all  three  fuel 
series.  The  differences  at  the  50  percent  and  90  percent  satis¬ 
faction  levels  are  as  follows: 


DIFFERENCES  BETWEEN  1983  AND  1982  MAXIMUM 
OCTANE  NUMBER  REQUIREMENTS 

(US  Cars) 


50%  Satisfied _  90%  Satisfied 


Fuel 

( R+M ) / 2 

RON 

MON 

( R+M ) / 2 

PR 

+0.3 

+0.3 

+0.3 

+0.3 

+0.3 

+0.3 

FBRU 

+0.9 

+0.6 

+0.7 

+  1.3 

+  1.3 

+  1.2 

FBRSU 

-0.1 

-0.2 

-0.2 

+  1.5 

+  1.0 

+1.2 

< 


.< 


Confidence  limits  for  maximum  octane  number  requirement  distribu¬ 
tions  of  1983  US  cars  are  given  In  Appendix  G,  Table  G-I.  The  95 
percent  confidence  limits  for  Research  octane  number  requirements 
varied  between  +0.37  and  +0.62  at  the  50  percent  satisfaction 
level,  and  between  +0.50  and  +0.83  at  the  90  percent  satisfaction 
level. 


Imported  Vehicles 

Maximum  octane  number  requirements  were  determined  on  eight-three 
imported  vehicles  with  PR,  FBRU,  and  FBRSU  fuels.  Maximum 
Research  octane  number  requirements  for  all  three  reference  fuel 
series  are  plotted  in  Figures  15a  and  15b.  Maximum  octane  number 
requirements  in  terms  of  RON,  MON,  and  (R+M)/2  are  given  in  Table 
XXI.  The  50  percent  and  90  percent  satisfaction  level  maximum 
octane  number  requirements  are  listed  in  the  following  table: 


MAXIMUM  OCTANE  NUMBER  REQUIREMENTS 
(Imported  Vehicles) 


SOX  Satisfied  90%  Satisfied 


Fuel 

RON 

MON 

(R+Ml/2 

RON 

MON 

(R+M)/2 

PR 

90.4 

90.4 

90.4 

96.3 

96.3 

96.3 

FBRU 

91.3 

83.7 

87.5 

96.5 

87.0 

91.7 

FBRSU 

92.1 

82.0 

87.1 

96.8 

85.0 

90.9 

The  maximum  Research,  Motor,  and  (R+M )/2  octane  number  require¬ 
ments  of  imported  vehicles  in  the  1983  and  1982  Surveys  are 
compared  in  Tables  XXII,  XXIII,  and  XXIV,  respectively,  for  all 
three  fuel  series.  The  differences  at  the  50  percent  and  90 
percent  satisfaction  levels  are  as  follows: 


DIFFERENCES  BETWEEN  1983  AND  1982  MAXIMUM 
OCTANE  NUMBER  REQUIREMENTS 

(Imported  Vehicles) 


50%  Satisfied  90%  Satisfied 


Fuel 

RON 

MON 

(R+MJ/2 

RON 

MON 

(R+M)/2 

PR 

+1.0 

+1.0 

+1.0 

+2.2 

+2.2 

+2.2 

FBRU 

+  1.6 

+1.1 

+1.3 

+1.8 

+1.5 

+1.6 

FBRSU 

+  1.2 

+0.7 

+  1.0 

0,0 

-0.2 

-0.1 
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Confidence  limits  for  maximum  octane  number  requirement  distribu¬ 
tions  of  1983  imported  vehicles  are  tabulated  in  Appendix  G, 
Table  6-1.  The  95  percent  confidence  limits  for  Research  octane 
number  requirements  were  from  +0.86  to  +1.01  at  the  50  percent 
satisfaction  level,  and  from  +1.16  to  +1.36  at  the  90  percent 
satisfaction  level. 


6.  Maximum  Requirements  at  Part-Throttle 

The  throttle  positions  for  maximum  octane  number  requirements  of 

tested  vehicles  were  reported  as  maximum-throttle  or  part- 

throttle.  Maximum  part-throttle  requirements  were  defined  when 

their  requirements  were  higher  than  the  maximum  maximum-throttle  • 

requirements.  The  number  and  percentage  of  vehicles  having  FBRU 

part-throttle  octane  number  requirements  greater  than  maximum- 

throttle  requirements  are  shown  below,  along  with  a  comparison 

with  the  1982  Survey.  The  percentages  of  all  vehicles  having 

maximum  requirements  at  part- throttle  were  16.4  percent  in  1983, 

compared  with  12.0  percent  in  1982  and  9.8  percent  in  1981.  0 


VEHICLES  HAVING  FBRU  PART- THROTTLE  REQUIREMENTS 
>  MAXIMUM-THROTTLE  REQUIREMENTS 

(1983  and  1982  US  and  Imported  Vehicles) 


No.  Vehicles 
Tested 

No.  of 
Vehicles 

%  of 

Vehicles 

1983  US  and 

Imported  Vehicles 

383 

63 

16.4 

1982  US  and 

Imported  Vehicles 

434 

52 

12.0 

C.  1983  Part-Throttle  Investigation 


1.  50th  Percentile  Acceleration  Technique 

The  50th  percentile  acceleration  technique,  employed  in  the  1981 
and  1982  Surveys,  was  discontinued  for  the  1983  Survey  and 
replaced  by  an  expanded  search  for  part-throttle  requirements,  as 
described  in  the  CRC  E-15-83  Technique  (Appendix  D).  Reference 
to  the  50th  percentile  acceleration  procedure  may  be  found  in  the 
CRC  E-15-83  Technique. 
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Part-Throttle  Requirements 


Of  the  383  vehicles  tested,  371  were  tested  for  part-throttle 
requirements  down  to  four  octane  numbers  below  maximum-throttle 
requirements  with  FBRU  fuels.  One  of  the  part-throttle  tested 
vehicles  had  a  requirement  below  78  RON,  the  lowest  octane  fuel 
available.  Of  the  remaining,  71  vehicles  (19  percent)  had  part- 
throttle  requirements  more  than  four  octane  numbers  below  the 
maximum-throttle  requirements. 


Select  Models 

Five  select  models,  representing  five  engine-chassis  combinations, 
were  tested.  The  select  models  originally  chosen  for  this  year's 
Survey  included  one  knock  sensor-equipped  model  (see  Appendix  D,  Table 
D-I);  however,  that  model  was  tested  without  knock  sensors  since  the 
manufacturer's  production  of  that  model  was  delayed.  The  delay  in 
production  precluded  locating  enough  vehicles  for  testing  with  ade¬ 
quate  mileage  for  stabilized  octane  number  requirements.  The  identi¬ 
fication  and  specifications  of  the  engine-chassis  combinations  of  the 
select  models  are  given  in  Table  I. 

Maximum  Research,  Motor,  and  (R+M)/2  octane  number  requirements  are 
shown  for  50  percent  and  90  percent  satisfaction  levels  on  PR,  FBRU, 
and  FBRSU  fuels  in  Table  XL.  Maximum  octane  number  requirements  for 
each  select  model  at  various  satisfaction  levels  are  listed  in  Appen¬ 
dix  I,  Table  I-I.  Maximum  Research,  Motor,  and  (R+M)/2  octane  number 
requirements  for  the  individual  cars  of  each  select  model  are  given  in 
Table  I- 1 1. 

Maximum  Research  octane  number  satisfaction  curves  for  the  five  select 
models  are  shown  in  Figures  16  through  20  for  all  three  fuel  series. 
The  data  points  plotted  on  the  figures  represent  the  maximum  require¬ 
ments  obtained  on  FBRU  reference  fuels  for  individual  cars.  Each 
curve  was  constructed  by  use  of  the  "Z"  method,  which  is  discussed  in 
Appendix  F.  The  95  percent  confidence  limits  for  maximum  requirements 
are  shown  in  Appendix  G,  Table  G- II. 


Tank  Fuel 

As  required  by  the  program,  tank  fuel  was  tested  for  incidence  of 
knock  whenever  an  owners'  questionnaire  was  obtained,  although  owners' 
questionnaires  were  required  to  be  obtained  only  when  the  vehicle 
tested  had  a  regular  driver  and  the  ignition  timing  did  not  have  to  be 
reset  more  than  two  degrees.  To  gain  additional  information,  however, 
tank  fuel  ratings  were  made  by  many  participants  on  many  other 
vehicles  which  did  not  meet  the  restrictions  listed. 


Owner/Rater  Comparison  of  Tank  Fuel  Knock 


Although  owners'  questionnaires  were  obtained  on  a  total  of  149 
vehicles,  only  129  of  these  vehicles  had  both  owner/rater  tank 
fuel  data  with  no  change  in  spark  timing.  Of  the  129  1983 
vehicles,  59.7  percent  were  reported  by  trained  raters  to  be 
knocking  on  tank  fuel,  whereas  the  owners  reported  29.5  percent. 
This  results  in  an  owner/rater  knock  ratio  of  0.49.  The  59.7 
percent  of  vehicles  found  to  be  knocking  by  trained  raters  in 
1983  is  higher  than  in  the  1982  Survey.  The  owner/rater  com¬ 
parison  of  tank  fuel  knock  data  for  1983,  along  with  previous 
Survey  data  back  to  1976,  is  presented  in  Table  XLI. 


2.  Objectionable  Versus  Unobjectionable  Knock 

Of  the  owners  reporting  knock  with  vehicles  which  had  no  change 
in  spark  timing,  42.1  percent  found  knock  to  be  objectionable. 
This  percentage  of  objectionable  knock  is  lower  than  the  52.8 
percent  found  in  1982,  as  shown  in  Table  XLI. 


Tank  Fuel  Knock  Reported  by  Trained  Raters 


Tank  fuel  knock  observations  were  reported  by  trained  raters  on 
314  of  the  383  test  vehicles.  The  percentages  of  all  1983 
vehicles  and  the  select  models  knocking  on  tank  fuel  are  shown  in 
Table  XL I I .  On  a  weighted  basis,  44.6  percent  of  the  1983 
vehicles  tested  knocked  on  tank  fuel,  compared  with  41.6  percent 
in  the  1982  Survey  and  42.9  percent  of  the  vehicles  in  the  1981 
Survey.  As  shown  in  the  table,  two  of  the  five  select  models 
tested  had  high  knocking  percentages  of  75.0  and  90.9. 


Surface  Ignition 

There  were  three  reports  of  surface  ignition  in  the  1983  Survey. 


Enqine  Speed  for  Maximum  Octane  Number  Requirements 


Engine  speeds  at  which  maximum  octane  number  requirements  occurred  for 
each  select  model  are  shown  in  Table  XL  1 1 1  for  PR,  FBRU,  and  FBRSU 
fuels.  Weighted  data  for  all  1983  vehicles  are  shown  in  Table  X L I V 
and  Figure  21. 
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H.  Road  Octane  Number  Depreciation  of  FBRU  and  FBRSU  Fuels 

Road  octane  number  ratings  and  road  octane  number  depreciation  for 
FBRU  and  FBRSU  fuels  were  determined  from  the  octane  number  require¬ 
ment  data  for  all  vehicles.  The  results  are  shown  in  Table  XLV. 

In  this  report,  the  road  octane  number  rating  of  FBRU  and  FBRSU  fuels 
is  defined  as  the  primary  reference  fuel  octane  level  which  satisfied 
the  same  percentage  of  vehicles.  Depreciation  values  were  established 
by  subtracting  the  road  octane  number  rating  of  the  fuel  from  its 
Research  octane  number.  Depreciation  values  of  FBRU  fuels  in  the 
range  88  to  98  RON  varied  from  1.2  to  2.6,  compared  with  0.9  to  2.5  in 
the  1982  Survey.  Depreciation  of  FBRSU  fuels  In  the  range  of  88  to  99 
RON  varied  from  2.0  to  3.9,  compared  with  2.3  to  4.1  in  last  year's 
Survey. 


I.  Speed  Range  Octane  Number  Requirement 

Primary  reference  fuel  (PRF)  octane  number  requirements  were  deter¬ 
mined  over  a  range  of  engine  speeds  from  1000  to  3750  rpm  on  225 
vehicles.  Individual  vehicle  data  are  in  Appendix  J,  Table  J-I.  For 
the  five  select  models,  speed  range  data  were  analyzed  on  71  cars. 
The  mean  PRF  octane  number  requirement,  standard  deviation,  and  number 
of  observations  within  each  speed  range  are  In  Table  J-I I.  Mean  PRF 
requirements  for  the  five  select  models  are  plotted  In  Figures  J-I 
through  J-5. 


J.  Gear  Position  for  Maximum  Requirements 

The  throttle/gear  position  for  maximum  octane  number  requirements  on 
FBRU  fuels  is  shown  in  Appendix  K.  Of  the  383  vehicles  tested,  295 
(77.0  percent)  were  equipped  with  automatic  transmissions  and  88  (23.0 
percent)  were  equipped  with  manual  transmissions. 

Maximum  requirements  at  maximum- throttle  occurred  in  83.4  percent  of 
the  automatic  transmission  vehicles  (11.9  percent  in  fourth  gear,  52.9 
percent  In  third  gear,  and  18.6  percent  in  second  gear).  Maximum 
requirements  at  part-throttle  occurred  in  16.6  percent  of  the  auto¬ 
matic  transmission  vehicles. 

For  manual  transmission  vehicles,  84.1  percent  had  maximum  require¬ 
ments  at  maximum- throttle  (67.1  percent  in  fourth  gear,  15.9  percent 
In  third  gear,  and  1.1  percent  in  second  gear).  Maximum  requirements 
at  part-throttle  occurred  in  15.9  percent  of  manual  transmission 
vehicles.  Fifth  gear  for  five-speed  manual  transmissions  was  not 
examined  per  program  instructions. 


TABLE  I 


1983  SELECT  MODEL  SPECIFICATIONS* 


Model 

Disp. 

i 

Engine 

Type 

Brake 

HP 

Carb. 
Bbl . 

Comp. 

Ratio 

Trans¬ 

mission 

Chrysler  Corporation: 

Ari es/Rel i ant/LeBaron 

Dodge  600/E  Class 

2.2 

L-4 

94 

2 

9.0 

Automatic 

Ford  Motor  Company: 

Escort/Lynx 

1.6 

L-4 

80 

2 

9.0 

Automatic 

(high  output  engine) 

Thunderbi rd/Cougar/ 
LTD/Marquis 

3.8 

V-6 

110 

2 

8.6 

Automatic 

General  Motors  Corporation: 

Caval ier/Skyhawk/Cimarron 

2.0 

L-4 

88 

F.I. 

9.3 

Automatic 

Monte  Carlo/Bonneville/ 
Grand  Prix/Cutlass/Regal 

3.8 

V-6 

110 

2 

8.0 

Automatic 

*  None  of  the  select  model  cars  tested  were  equipped  with  knock  sensors. 


TABLE  II 


DISTRIBUTION  OF  OOOHETER  MILEAGE 
FOR  TESTED  VEHICLES 


No.  of  Vehicles  Within  Mileage  Increments 
Mileage  1983  Vehicles  1982  Vehicles 

I 


0  - 

1,999 

0 

0 

2,000  - 

3,999 

0 

0 

4,000  - 

5,999 

28 

44 

6,000  - 

7,999 

88 

111 

8,000  - 

9,999 

69 

66 

10,000  - 

11,999 

63 

63 

12,000  - 

13,999 

44 

46 

14,000  - 

15,999 

26 

26 

16,000  - 

17,999 

25 

39 

18,000  - 

19,999 

12 

12 

20,000  - 

24,999 

22 

20 

25,000  - 

29,999 

3 

6 

30,000  + 

3 

1 

434 


No.  of  Vehicles 
Average  Mileage 


383 

11,374 


11,030 
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TABLE  III 

1983  BASIC  TIMING  ADJUSTMENTS 


Degrees  From 
Manufacturer's  Settin 


No.  of  Vehicles 


OCTANE  NUMBER  REQUIREMENTS  WITH  95%  CONFIDENCE  LIMITS 
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L 
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TABLE  IX 

MAXIMUM  RESEARCH,  MOTOR,  AND  (R+M)/2  OCTANE  NUMBER  REQUIREMENTS 
1983  US  and  Imported  Cars 


FBRU  Fuels 

FBRSU  Fuels 

Percent 

Satisfied 

PR 

Fuels 

RON 

MON 

(R+Ml/2 

RON 

MON 

( R+M)/2 

10 

84.7 

86.3 

80.5 

83.4 

86.8 

78.3 

82.5 

20 

86.5 

87.9 

81.5 

84.7 

88.7 

79.8 

84.2 

30 

87.5 

89.1 

82.3 

85.7 

89.7 

80.5 

85.1 

40 

88.4 

90.1 

82.8 

86.4 

90.6 

81.1 

85.9 

50 

89.3 

90.7 

83.3 

87.0 

91.4 

81.6 

86.5 

60 

90.0 

91.5 

83.8 

87.7 

92.3 

82.1 

87.2 

70 

91.0 

92.5 

84.4 

88.5 

93.4 

82.8 

88.1 

80 

92.0 

94.0 

85.4 

89.7 

95.4 

84.1 

89.8 

90 

93.8 

96.3 

86.9 

91.6 

97.7 

85.7 

91.7 

95 

95.7 

98.2 

88.1 

93.2 

100.1 

87.4 

93.7 

98 

97.0 

H 

H 

H 

H 

H 

H 

99 

98.0 

H 

H 

H 

H 

H 

H 
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TABLE  X 

COMPARISON  OF  MAXIMUM  RESEARCH  OCTANE  NUMBER  REQUIREMENTS 
1983  and  1982  US  and  I sported  Cars 


PR  Fuels 

FBRU  Fuels 

FBRSU  Fuels 

Percent 

Satisfied 

1983 

1982 

_A _ 

1983 

1982 

_A _ 

1983 

1982 

A 

10 

84.7 

84.4 

0.3 

86.3 

85.1 

1.2 

86.8 

86.8 

0.0 

20 

86.5 

85.9 

0.6 

87.9 

86.7 

1.2 

88.7 

88.5 

0.2 

30 

87.5 

87.1 

0.4 

89.1 

87.9 

1.2 

89.7 

89.5 

0.2 

40 

88.4 

88.0 

0.4 

90.1 

88.9 

1.2 

90.6 

90.3 

0.3 

50 

89.3 

88.7 

0.6 

90.7 

89.7 

1.0 

91.4 

91.2 

0.2 

60 

90.0 

89.4 

0.6 

91.5 

90.6 

0.9 

92.3 

92.2 

0.1 

70 

91.0 

90.2 

0.8 

92.5 

91.7 

0.8 

93.4 

93.2 

0.2 

80 

92.0 

91.4 

0.6 

94.0 

93.0 

1.0 

95.4 

94.4 

1.0 

90 

93.8 

92.9 

0.9 

96.3 

94.8 

1.5 

97.7 

96.7 

1.0 

95 

95.7 

94.0 

1.7 

98.2 

97.3 

0.9 

100.1 

99.1 

1.0 

98 

97.0 

96.7 

0.3 

H 

H 

- 

H 

H 

- 

99 

98.0 

H 

- 

H 

H 

_ 

H 

H 

— , 

TABLE  XI 


COMPARISON  OF  MAXIHUM  MOTOR  OCTANE  NUMBER  REQUIREMENTS 
1983  and  1982  US  and  Imported  Cars 


PR  Fuels  FBRU  Fuels  FBRSU  Fuels 

Percent 

Satisfied  1983  1982  A  1983  1982  A  1983  1982 


Percent 

Satisfied 
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TABLE  XIV 

COMPARISON  OF  MAXIMUM  RESEARCH  OCTANE  HUMBER  REQUIREMENTS 
1983  and  1982  US  Vehicles 


PR  Fuels 


Percent 


Satisfied 

MjjM 

Ejjgjlj 

ES 

10 

85.0 

84.3 

0.7 

20 

86.5 

85.9 

0.6 

30 

87.4 

86.9 

40 

88.2 

87.8 

0.4 

50 

88.6 

0.4 

60 

89.9 

89.3 

0.6 

70 

90.7 

90.0 

0.7 

80 

91.6 

91.1 

0.5 

90 

92.7 

92.7 

0.0 

95 

94.3 

93.8 

0.5 

98 

95.5 

96.1 

-0.6 

FBRU  Fuels  FBRSU  Fuels 


1982 

A 

86.4 

85.0 

-0.6 

86.8 

86.7 

87.9 

86.6 

1.3 

88.5 

88.6 

89.0 

87.8 

0.2 

89.5 

89.5 

89.9 

88.8 

1.1 

90.4 

90.3 

90.6 

89.6 

91.3 

91.3 

91.3 

90.6 

0.7 

92.1 

92.3 

92.2 

91.7 

0.5 

93.1 

93.3 

93.5 

93.1 

0.4 

94.8 

94.5 

95.8 

95.0 

0.8 

97.7 

96.5 

97.9 

96.6 

1.3 

98.4 

H 

98.1 

• 

H 

99.9 

Percent 

Satisfied 


TABLE  XVIII 


COMPARISON  OF  MAXIMUM  RESEARCH  OCTANE  NUMBER  REQUIREMENTS 
1983  and  1982  US  Cars 


PR  Fuels  FBRU  Fuels  FBRSU  Fuels 

Percent 


Satisfied 

Egg 

A 

1983 

1982 

A 

10 

84.7 

84.4 

0.3 

86.1 

85.0 

1.1 

86.5 

86.7 

20 

86.3 

85.9 

0.4 

87.9 

86.6 

1.3 

88.5 

88.4 

30 

87.2 

87.1 

0.1 

89.1 

87.9 

1.2 

89.6 

89.4 

88.1 

87.9 

0.2 

90.0 

88.9 

1.1 

90.4 

90.3 

50 

88.9 

88.6 

0.3 

90.6 

89.7 

0.9 

91.2 

91.3 

60 

89.7 

89.2 

0.5 

91.3 

90.6 

0.7 

92.0 

92.3 

70 

0.5 

92.3 

91.7 

0.6 

93.3 

93.2 

80 

91.5 

0.6 

93.8 

93.0 

0.8 

95.3 

94.5 

90 

92.7 

92.4 

0.3 

96.1 

94.8 

1.3 

98.1 

96.6 

95 

94.3 

93.4 

0.9 

98.6 

96.8 

1.8 

100.8 

98.7 

98 

95.6 

94.3 

1.3 

H 

98.3 

- 

H 

H 

99 

96.2 

95.0 

1.2 

H 

98.9 

H 

H 

TABLE  XX 


COMPARISON  OF  MAXIMUM  (R+M)/2  OCTANE  NUMBER  REQUIREMENTS 
1983  and  1982  US  Cars 


PR  Fuels  FBRU  Fuels  FBRSU  Fuel 

Percent 

Satisfied  1983  1982  a  1983  1982  A  1983  1982 


TABLE  XXI 


MAXIMUM 


Percent 

Satisfied 


RESEARCH,  MOTOR,  AMD  (R+M)/2  OCTANE 
1983  Imported  Vehicles 


FBRU  Fuels 
PR 

Fuels  RON  MON  (R+M)/2 
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TABLE  XXII 

COMPARISON  OF  MAXIMUM  RESEARCH  OCTANE  NUMBER  REQUIREMENTS 
1983  and  1982  Imported  Vehicles 


PR  Fuels 

FBRU  Fuels 

FBRSU  Fuels 

Percent 

Satisfied 

1983 

1982 

A 

1983 

1982 

A 

1983 

1982 

A 

10 

84.9 

84.7 

0.2 

86.7 

85.4 

1.3 

87.9 

87.5 

0.4 

20 

87.6 

86.2 

1.4 

88.0 

87.2 

0.8 

89.4 

88.8 

0.6 

30 

88.8 

87.4 

1.4 

89.5 

88.1 

1.4 

90.5 

89.6 

0.9 

40 

89.7 

88.5 

1.2 

90.5 

88.9 

1.6 

91.3 

90.2 

1.1 

50 

90.4 

89.4 

1.0 

91.3 

89.7 

1.6 

92.1 

90.9 

1.2 

60 

91.3 

90.3 

1.0 

92.0 

90.6 

1.4 

92.8 

91.8 

1.0 

70 

92.2 

91.3 

0.9 

93.1 

91.6 

1.5 

94.0 

92.9 

1.1 

80 

93.8 

92.5 

1.3 

94.7 

92.9 

1.8 

95.5 

94.4 

1.1 

90 

96.3 

94.1 

2.2 

96.5 

94.7 

1.8 

96.8 

96.8 

0.0 

95 

97.5 

H 

- 

97.6 

H 

- 

97.8 

H 

- 

98 

H 

H 

- 

H 

H 

- 

H 

H 

- 

99 

H 

H 

_ 

H 

H 

• 

H 

H 

_ 

A 
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TABLE  XXIII 

COMPARISON  OF  MAXIMUM  MOTOR  OCTANE  NUMBER  REQUIREMENTS 
1983  and  1982  Imported  Vehicles 


PR  Fuels 

FBRU  Fuels 

FBRSU  Fuels 

Percent 

Satisfied 

1983 

1982 

A 

1983 

1982 

A 

1983 

1982 

A 

10 

84.9 

84.7 

0.2 

80.7 

80.1 

0.6 

79.2 

78.8 

0.4 

20 

87.6 

86.2 

1.4 

81.6 

81.2 

0.4 

80.3 

79.7 

0.6 

30 

88.8 

87.4 

1.4 

82.5 

81.8 

0.7 

81.0 

80.4 

0.6 

40 

89.7 

88.5 

1.2 

83.2 

82.2 

1.0 

81.5 

80.9 

0.6 

50 

90.4 

89.4 

1.0 

83.7 

82.6 

1.1 

82.0 

81.3 

0.7 

60 

91.3 

90.3 

1.0 

84.1 

83.1 

1.0 

82.4 

82.0 

0.4 

70 

92.2 

91.3 

0.9 

84.8 

83.5 

1.3 

83.1 

82.6 

0.5 

80 

93.8 

92.5 

1.3 

85.8 

84.1 

1.7 

84.2 

83.5 

0.7 

90 

96.3 

94.1 

2.2 

87.0 

85.5 

1.5 

85.0 

85.2  ■ 

■0.2 

95 

97.5 

H 

- 

87.7 

H 

- 

85.8 

H 

- 

98 

H 

H 

- 

H 

H 

- 

H 

H 

- 

99 

H 

H 

. 

H 

H 

_ 

H 

H 
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TABLE  XXIV 

JOHPARISON  OF  MAXIHUM  (R+H)/2  OCTANE  NUMBER  REQUIREHENTS 
1983  and  1982  Inported  Vehicles 


PR  Fuels 

FBRU  Fuels 

FBRSU  Fuels 

Percent 

Satisfied 

1983 

1982 

A 

1983 

1982 

A 

1983 

1982 

A 

10 

84.9 

84.7 

0.2 

83.7 

82.7 

1.0 

83.6 

83.1 

0.5 

20 

87.6 

86.2 

1.4 

84.8 

84.2 

0.6 

84.9 

84.3 

0.6 

30 

88.8 

87.4 

1.4 

86.0 

85.0 

1.0 

85.7 

85.0 

0.7 

40 

89.7 

88.5 

1.2 

86.8 

85.5 

1.3 

86.4 

85.6 

0.8 

50 

90.4 

89.4 

1.0 

87.5 

86.2 

1.3 

87.1 

86.1 

1.0 

60 

91.3 

90.3 

1.0 

88.1 

86.8 

1.3 

87.6 

86.9 

0.7 

70 

92.2 

91.3 

0.9 

88.9 

87.6 

1.3 

88.6 

87.8 

0.8 

80 

93.8 

92.5 

1.3 

90.3 

88.5 

1.8 

89.8 

89.0 

0.8 

90 

96.3 

94.1 

2.2 

91.7 

90.1 

1.6 

90.9 

91.0  - 

-0.1 

95 

97.5 

H 

- 

92.6 

H 

- 

91.8 

H 

- 

98 

H 

H 

- 

H 

H 

- 

H 

H 

- 

99 

H 

H 

- 

H 

H 

H 

H 

J 


All  1983  US  and  Imported  Vehicles 
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No.  of  Vehicles 


MAXIMUM  RESEARCH,  MOTOR.  AMD  (R+M)/2  OCTANE  NUMBER  REQUIREMENTS 
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MAXIMUM  OCTANE  NUMBER  REQUIREMENTS 
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TABLE  XLIV 


ENGINE  SPEEDS  FOR  MAXIMUM  OCTANE  NUMBER  REQUIREMENTS 

Weighted  l  of  Vehicles  Having  Requirements 
In  Indicated  (rpm)  Ranges 

All  1983  Vehicles 


Maximum  Requirements 

PR 

FBRU 

1 

Enqlne  Speed  Ranqe 

Fuels 

Fuels 

1 

1599  and  Lower 

24.9 

26.9 

i 

1600  -  1999 

37.3 

34.1 

2000  -  2399 

19.7 

16.4 

2400  -  2799 

10.5 

12.9 

2800  -  3199 

5.4 

6.2 

3200  -  3599 

2.2 

2.9 

3600  and  Higher 

0.0 

0.6 

-83- 


RON 


TABLE  XLV 

ROAD  OCTANE  DEPRECIATION  OF  1983  FBRU  AND  FBRSU  FUELS 
All  1983  Vehicles 


Includes  High  Borderline  Requirements  for  Knock  Sensor-Equipped  Vehicles 


_ FBRU  Fuels _ 

Road 

*  Sensi-  Octane  Depre- 
Satisfied  tivity  Rating  ciation 


_ FBRSU  Fuels _ 

Road 

%  Sensi-  Octane  Depre- 
Satisfied  tivity  Rating  ciation 
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FIGURE  1 


DISTRIBUTION  OF  ODOMETER  MILEAGE 
FOR  1983  MODEL  VEHICLES  TESTED 


Figure  2a 


DISTRIBUTION  OF  MAXIMUM  PR  FUEL  REQUIREMENTS 
1983  U.S.  AND  IMPORTED  VEHICLES 


El 


Figure  3b 

DISTRIBUTION  OF  MAXIMUM  FBRU  RON  REQUIREMENTS 
1983  U  S.  AND  IMPORTED  VEHICLES 


Figure  4b 

DISTRIBUTION  OF  MAXIMUM  FBRSU  RON  REQUIREMENTS 
1983  U  S.  AND  IMPORTED  VEHICLES 


Figure  5a 

DISTRIBUTION  OF  MAXIMUM  RON  REQUIREMENTS 
1983  U.S.  AND  IMPORTED  VEHICLES 

______  PR  FUEL  376  VEHICLES 

_ _ _  FBRU  FUEL  383  VEHICLES 

_  _ _  FBRSU  FUEL  376  VEHICLES 


DISTRIBUTION  OF  MAXIMUM  RON  REQUIREMENTS 
1983  U  S.  AND  IMPORTED  VEHICLES 


PERCENT  SATISFIED 


Figure  9a 
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PARTICIPATING  LABORATORIES 


PARTICIPATING  LABORATORIES 


Eastern  Area 


East  Central  Area 


Exxon  Research  and  Engineering  Company 
Linden,  New  Jersey 

Gulf  Research  and  Development  Company 
Pittsburgh,  Pennsylvania 

Mobil  Research  and  Development  Corp. 
Paulsboro,  New  Jersey 

Sun  Company 

Marcus  Hook,  Pennsylvania 

Texaco  Inc. 

Beacon,  New  York 

Toyota  Motor  Corporation 
Secaucus,  New  Jersey 


Chrysler  Corporation 
Highland  Park,  Michigan 

Ford  Motor  Company 
Dearborn,  Michigan 

General  Motors  Corporation 
Warren,  Michigan 

Shell  Canada 
Oakville,  Ontario 

Standard  Oil  Company  (Ohio) 
Cleveland,  Ohio 


Western  Area 


West  Central  Area 


Chevron  Research  Company 
Richmond,  California 


Amoco  Oil  Company 
Naperville,  Illinois 

Phillips  Petroleum  Company 
Bartlesville,  Oklahoma 


Shell  Development  Company 
Houston,  Texas 
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0.  P. 

Barnard,  Leader 

Standard  Oil  Company  (Ohio) 

J.  L. 

Borzone 

Mobil  Research  and  Development  Corp. 

R.  A. 

Bouffard 

Exxon  Research  and  Engineering  Company 

J.  C. 

Cal  11  son 

Amoco  Oil  Company 

E.  S. 

Corner 

Consultant 

R.  E. 

Dlzak 

Gulf  Research  and  Development  Company 

M.  J. 

Gorham 

Union  Oil  Company 

J.  C. 

Ingamells 

Chevron  Research  Company 

M.  J. 

Mlotkowski 

Mobil  Oil  Corporation 

W.  J. 

Most 

Exxon  Research  and  Engineering  Company 

K.  R. 

Schaper 

Consultant 

R.  A.  Wirth 


Sun  Tech,  Inc. 
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TABLE  C-I 

SUPPLIERS'  FUEL  INSPECTIONS 
COMPARISON  OF  1982  AND  1983  FBRU  FUELS 


Laboratory  Inspection 
Distillation,  °F 


Low-Octane 
Base  Blend 


344-83  338-82 


Intermediate- 
Octane 
Base  Blend 


345-83  339-82 


High-Octane 
Base  Blend 


346-83  340-82 


IBP 

93 

97 

95 

93 

95 

99 

A  10%  Evap. 
w  30%  Evap. 

123 

130 

123 

121 

125 

134 

159 

164 

162 

167 

181 

189 

50%  Evap. 

195 

196 

210 

206 

235 

225 

70%  Evap. 

233 

233 

257 

235 

261 

245 

90%  Evap. 

297 

295 

317 

313 

294 

285 

End  Point 

390 

374 

414 

398 

385 

388 

Gravity,  °API 

66.3 

66.6 

59.1 

62.1 

51.1 

52.7 

RVP,  psi 

8.5 

8.7 

8.6 

9.0 

8.5 

8.2 

Lead,  g/gal . 

<0.003 

<0.03 

<0.003 

<0.03 

<0.003 

<o.o: 

Oxidation  Stabilitiy,  hr. 

>24 

>24 

>24 

>24 

>24 

>24 

Hydrocarbon  Type,  Vol .  % 

Aromatics 

20.0 

20.7 

37.0 

12.8 

57.0 

55.5 

Olefins 

2.0 

0.5 

3.0 

6.3 

1.0 

3.0 

Saturates 

78.0 

78.8 

60.0 

80.9 

42.0 

41.5 

Research  Octane  Number 

77.4 

76.9 

90.6 

90.5 

102.8 

101.5 

Kotor  Octane  Number 

73.7 

72.9 

82.9 

82.8 

91.8 

90.3 

Sensitivity 

3.7 

4.0 

7.7 

7.7 

11.0 

11.2 
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TABLE  C-II 


OCTANE  NUMBERS  AND  COMPOSITIONS  FOR  1983  FBRU  FUELS 


Blending  Data  Composition, 

Volume  Percent 

"WB  KmPT)  RmFC" 

RON  344-83  345-83  346-83  MON 
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TABLE  C-III 


SENSITIVITIES  OF  1982  AND  1983  FBRU  AND  FBRSU  FUELS 


Research 
Octane  No. 


1983  1982 


FBRSU 


0.0 

0.2 

6.8 

7.0 

6.8  0.0 

7.3  -0.3 

0.3 

7.6 

7.8  -0.2 

0.3 

7.9 

8.1  -0.2 

0.2 

8.2 

8.3  -0.1  "  • 

0.2 

8.5 

8.6  -0.1  K  •  ' 

0.1 

8.7 

8.9  -0.2 

0.0 

9.0 

9.1  -0.1 

0.0 

9.3 

9.2  0.1 

-0.2 

9.7 

9.6  0.1 

9.9  0.2  ’  ‘ 

-0.5  1 

0.5 

0.3  0.2 

-0.4  1 

0.9 

.0.7  0.2 

-0.3  1 

1.2 

1.1  0.1 

-0.3  1 

1.5 

.1.4  0.1  . 

-0.2  1 

1.8 

LI. 7  0.1 

-0.2  1 

2.1 

2.0  0.1 

-0.3  1 

2.4 

12.2  0.2 

-0.2  1 

2.7 

L2.4  0.3 

-0.1  1 

2.9 

L2.7  0.2 

1 

3.1 

_  • 

_  • 

.  t 

.  • 
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TABLE  C-IV 

SUPPLIERS'  FUEL  INSPECTIONS 
COMPARISON  OF  1983  AND  1982  FBRSU  FUELS 


Laboratory  Inspection 
Distillation,  °F 


Low-Octane 
Base  Blend 


347-83  341-82 


Intermediate- 
Octane 
Base  Blend 


348-83  342-82 


High-Octane 
Base  Blend 


349-83  343-82 


IBP 

93 

103 

97 

97 

97 

93 

10%  Evap. 

126 

133 

124 

134 

136 

127 

30%  Evap. 

174 

163 

167 

178 

186 

177 

50%  Evap. 

217 

200 

217 

218 

215 

245 

70%  Evap. 

263 

244 

269 

261 

268 

280 

90%  Evap. 

345 

363 

331 

332 

325 

334 

End  Point 

420 

425 

415 

412 

425 

398 

Gravity,  °API 

62.9 

63.6 

57.8 

56.0 

45.8 

49.6 

RVP,  psi 

8.1 

7.6 

8.8 

8.4 

8.8 

7.9 

Lead,  g/gal . 

<0.003 

<0.03 

<0.003 

<0.03 

<0.003 

<0.03 

Oxidation  Stabilitiy,  hr. 

>24 

>24 

>24 

>24 

>24 

>24 

Hydrocarbon  Type,  Vol .  % 

Aromatics 

18.0 

15.8 

39.0 

31.6 

62.0 

52.5 

Olefins 

27.0 

31.5 

5.0 

11.9 

2.0 

3.5 

Saturates 

55.0 

52.7 

56.0 

56.5 

36.0 

44.0 

Research  Octane  Number 

76.2 

77.5 

90.2 

90.1 

102.2 

101.5 

Motor  Octane  Number 

70.4 

71.5 

80.5 

80.5 

89.1 

88.3 

Sensitivity 

5.8 

6.0 

9.9 

9.5 

13.1 

13.2 

TABLE  C-V 

OCTANE  NUMBERS  AND  COMPOSITIONS  FOR  1983  FBRSU  FUELS 


Blending  Data  Composition, 
Volume  Percent 


"WO 

rmPo 

RMFD 

RON 

347-83 

348-83 

349-83 

MON 

SEN 

78 

89 

11 

71.7 

6.3 

75 

25 

-- 

6.8 

82 

59 

41 

— 

75.0 

7.0 

84 

45 

55 

-- 

76.4 

7.6 

85 

38 

62 

— 

77.1 

7.9 

86 

31 

69 

-- 

77.8 

8.2 

87 

24 

76 

— 

78.5 

8.5 

88 

16 

84 

«••• 

79.3 

8.7 

89 

9 

91 

-- 

80.0 

9.0 

90 

2 

98 

— 

80.7 

9.3 

91 

— 

95 

5 

81.3 

9.7 

92 

-- 

88 

12 

81.9 

10.1 

93 

— 

81 

19 

82.5 

10.5 

94 

— 

74 

26 

83.1 

10.9 

95 

_  — 

66 

34 

83.8 

11.2 

96 

— 

58 

42 

84.5 

11.5 

97 

— 

49 

51 

85.2 

11.8 

98 

— 

41 

59 

85.9 

12.1 

99 

— 

31 

69 

86.6 

12.4 

100 

-- 

22 

78 

87.3 

12.7 

101 

-- 

12 

88 

88.1 

12.9 

102 

— 

3 

97 

88.9 

13.1 
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I.  INTRODUCTION 


The  1983  program  of  the  CRC  Light-Duty  Octane  Number  Requirement  Survey 
Group  will  consist  of  a  survey  of  the  octane  number  requirements  of  1983 
model  domestic  and  imported  vehicles.  For  the  purposes  of  this  program, 
the  designation  "passenger  vehicles"  will  include  passenger  cars,  light- 
duty  (<8500  lb/3856  kg  GVW)  pickup  trucks,  and  vans.  Approximately  450 
vehicles  will  be  tested.  Most  of  these  vehicles  will  be  sampled  in 
proportion  to  their  relative  production  or  import  volume,  to  provide  data 
from  which  to  estimate  the  distribution  of  octane  number  requirements  for 
the  1983  model  vehicle  population  in  the  United  States.  In  addition, 
select  models  of  special  interest  will  be  tested  in  sufficient  numbers  to 
estimate  their  requirement  distributions. 

Knocking  characteristics  will  be  investigated  with  three  series  of  refer¬ 
ence  fuels.  Tank  fuel  knock  will  also  be  evaluated.  Maximum  octane  number 
requirements,  whether  at  maximum-throttle  or  part-throttle,  will  be  estab¬ 
lished  for  each  vehicle  using  high  sensitivity  unleaded  full-boiling  range 
reference  (FBRSU)  fuels,  average  sensitivity  unleaded  full-boiling  range 
reference  (FBRU)  fuels,  and  primary  reference  (PR)  fuels.  If  the  maximum 
requirement  is  at  maxi  mum-throttle,  then  part-throttle  requirements  are 
investigated  with  only  FBRU  fuels  of  up  to,  and  including,  four  octane 
numbers  lower  than  the  maximum  requirement. 

Octane  requirements  throughout  the  speed  range  will  be  obtained  with  PR 
fuels  only. 


II.  GEOGRAPHICAL  AREAS 


As  in  previous  years,  the  1983  Survey  will  be  conducted  on  a  nationwide 
basis.  The  country  has  been  divided  into  four  geographical  areas. 
Participants  located  in  New  York,  New  Jersey,  Delaware,  and  Pennsylvania 
have  been  included  in  the  Eastern  Area;  those  located  in  Ohio,  Michigan, 
and  Kentucky  comprise  the  East  Central  Area;  those  in  Illinois,  Texas,  and 
Oklahoma  comprise  the  West  Central  Area;  and  California  participants  make 
up  the  Western  Area.  A  coordinator  has  been  appointed  for  each  area  as 
follows: 


Eastern  Area . W.  J.  Most 

East  Central  Area . D.  P.  Barnard 

West  Central  Area . J.  B.  Baker 

Western  Area . T.  Wusz 

The  area  coordinators  will  contact  their  area  participants  periodically 
regarding  the  progress  of  the  survey.  To  expedite  this,  it  is  suggested 
that  participants  send  copies  of  all  correspondence  concerning  the  survey 
to  the  area  coordinators.  This  program  outlines  the  survey  in  broad  terms. 
If  more  detailed  information  is  desired,  it  is  suggested  that  the 
participant  contact  his  area  coordinator. 


VEHICLES 


A  total  of  approximately  450  vehicles  will  be  tested  in  the  1983  Survey. 
By  requesting  each  participating  laboratory  to  test  approximately  25 
vehicles  and  assuming  18  participants,  the  450-vehicle  total  is  obtained. 
These  will  be  divided  into  two  groups:  (1)  the  statistical  group,  sampled 
in  proportion  to  US  car  model  production  or  import  volume,  and  (2)  select 
models  of  special  interest.  Approximately  20  of  each  of  these  select 
models  will  be  tested  to  provide  an  estimate  of  the  octane  requirement 
distribution  of  each  model.  Some  of  these  20  vehicles  will  be  those 
already  included  in  the  statistical  group,  and  the  remainder  will  be 
additional  vehicles  added  to  the  program. 

The  desired  number  of  vehicles  to  be  tested  in  each  category  is  as  follows: 
Statistical  Group  400 

Additional  Select  Model  Group  50 

Total  450 

A  detailed  breakdown  of  the  specific  models  and  the  number  of  each  model  to 
be  tested  will  be  circulated  to  the  participants  in  May  1983  after  an 
estimate  of  vehicle  model  production  has  been  obtained.  Design  specifi¬ 
cations  for  select  models  to  be  tested  in  the  1983  Survey  are  shown  in 
TableD-1 .  Selection  of  these  vehicles  has  been  based  on  new  or  modified 
design  characteristics  that  might  have  a  significant  effect  on  octane 
number  requirements  and  high  sales  volume  which  allows  individual  treatment 
without  additional  testing. 

Wherever  possible,  specific  vehicle  assignments  to  individual  participating 
laboratories  will  be  made  in  a  pattern  which  tends  to  minimize  data  bias. 
This  will  be  accomplished  by  apportioning  cars  of  a  given  model  among  the 
four  geographical  areas,  and  subsequently  among  the  laboratories  within 
each  area,  in  order  to  minimize  the  effect  of  non-random  factors  on  the 
results  of  the  Survey. 


IV.  FUELS 


Full-Boilina  Ranae  Reference  Fuels 


Two  full-boiling  range  reference  fuel  series  will  be  used  to  define 
the  vehicle  octane  number  requirements.  The  two  series  will  be 
unleaded  and  of  varying  sensitivity.  One  series  will  be  comparable  to 
the  average  sensitivity  of  unleaded  commercial  fuels  (FBRU);  the  other 
series  (FBRSU)  will  be  about  two  numbers  higher  in  sensitivity  than 
the  FBRU  fuels.  The  Research  octane  number  (RON)  range  for  both  fuel 
series  is  77  to  102. 


0-5 


The  two  series  will  be  blended  in  increments  of  two  RON  up  to  84,  and 
one  RON  above  84  from  three  base  fuels  for  each  series.  The  base 
fuels  are  compounded  from  normal  refinery  gasoline  components. 
Limiting  specifications  for  each  base  fuel  for  both  series  are  shown 
in  Table  D-II. 

Research  and  Motor  ratings  will  be  determined  for  incremental  blends 
of  each  fuel  series  by  all  participants  to  provide  data  for  establish¬ 
ment  of  blending  curves.  The  average  ratings  and  blending  curves  will 
be  circulated  to  all  participants. 


B.  Primary  Reference  Fuels 

Blends  of  ASTM-grade  isooctane  and  normal  heptane  will  be  prepared  in 
two  octane  number  increments  from  76  to  82,  and  one  octane  number 
increments  from  82  to  100. 


C.  Tank  Gasoline 


Research  and  Motor  octane  ratings  will  be  obtained  only  on  gasoline 
samples  from  the  tank  of  vehicles  with  owner  questionnaire  (Attachment 
1).  Owner's  Questionnaire  should  be  deleted  when: 

•  the  vehicle  does  not  have  a  regular  driver; 

•  the  ignition  timing  had  to  be  reset  more  than  two  degrees. 


V.  TEST  TECHNIQUE 


All  tests  are  to  be  conducted  using  the  technique  entitled,  "Technique  for 
Determination  of  Octane  Number  Requirements  of  Light-Duty  Vehicles"  (CRC 
Designation  E- 15-83).  A  copy  of  this  technique  is  included  as  Attachment  2 
to  this  program.  Octane  number  requirement  investigations  are  to  be 
conducted  in  all  vehicles  under  level  road  conditions.  Any  vehicle 
obviously  in  poor  mechanical  condition  or  with  malfunctioning  emission 
control  devices  should  not  be  considered  for  test  work.  The  vehicles  must 
have  a  minimum  of  6000  deposit  miles  (9656  km),  and  preferably  be  privately 
owned  and  operated.  Vehicles  previously  used  for  fuel  road  octane  rating 
must  not  be  employed  in  this  survey. 

Data  should  be  reported  on  each  vehicle  tested,  even  though  knock  was  not 
encountered  on  any  of  the  fuels. 

The  order  in  which  the  fuels  are  to  be  tested  is  as  follows: 

1)  Tank  fuel;  2)  FBRSU ;  3)  FBRU;  4)  PR. 


VI.  DATA  FORMS 


The  test  results  on  each  vehicle  will  be  reported  on  data  forms  DFMF-11- 
1183,  DFMF-12-1183,  DFMF- 19-1183,  and  OFMF-26-1183.  Copies  of  these  forms 
will  be  mailed  to  all  participants  from  the  CRC  office  with  instructions 
for  their  use.  Additional  instructions  are  included  in  the  E-15-83 
technique. 


VII.  REPORTING  RESULTS 


The  data  forms  for  each  vehicle  tested  should  be  submitted  to  the 
Coordinating  Research  Council,  Inc.,  219  Perimeter  Center  Parkway,  Atlanta, 
Georgia  30346,  as  soon  as  possible,  but  not  later  than  October  31,  1983. 


DESIGN  SPECIFICATIONS  FOR  1983  SELECT  MODELS 


Engine  manufactured  by  Buick  Division,  equipped  with  knock  sensor. 


LIMITING  SPECIFICATIONS  FOR  1983  FULL-B0ILIN6  RANGE  REFERENCE  FUELS* 

Unleaded  Average  Sensitivity  Unleaded  High  Sensitivity 

Reference  Fuels  (FBRU)  Reference  Fuels  ( FBRSU ) _ 

Inspection  Tests  RMFD  344  RMFD  345  RMFD  346  RMFD  347  RMFD  348  RMFD  349 
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To  be  compounded  from  normal  refinery  components.  Oxygenates  are  not  to  be  used  as  fuel  components. 
1%  maximum  Benzene  or  legal. 

Sensitivities  are  shown  for  the  mean  Research  octane  number. 


Attachment  1 


CRC  OCTANE  NUMBER  REQUIREMENT  SURVEY 
OWNER'S  QUESTIONNAIRE 


OWNER: 

Your  vehicle  is  being  tested  for  fuel  octane  number  requirements  by  a 
Coordinating  Research  Council  activity.  To  help  analyze  the  data,  we  would 
like  the  person  who  has  recently  been  driving  the  vehicle  to  answer  the 
following  questions: 


1.  What  grade  of  unleaded  fuel  do  you  normally  use? 


Regular 

| 

Premium 

Mixture 


2.  Has  any  engine  knock  (ping)  been  encountered  with  the  fuel  that  is  now 
in  the  tank? 


No 


3.  Did  you  consider  the  knock  (ping)  objectionable? 


Yes 


No 


Vehicle  Make 


License  No. 


Vehicle  Identification  No. 


Attachment  2 


TECHNIQUE  FOR  DETERMINATION 
OF  OCTANE  NUMBER  REQUIREMENTS 
OF  LIGHT-DUTY  VEHICLES 


June  1983 


TECHNIQUE  FOR  DETERMINATION  OF  OCTANE  NUMBER  REQUIREMENTS 
_ OF  LIGHT  DUTY  VEHICLES _ 

(CRC  Designation  E- 15-83  -  Including  Annexes  A  and  B) 


GENERAL 


The  technique  provides  for  the  determination  of  maximum  octane  number 
requirements,  whether  at  maximum-throttle  or  part-throttle,  of  a 
vehicle  in  terms  of  borderline  spark  knock  and  surface  ignition  knock 
on  two  series  of  full-boiling  range  reference  fuels  as  well  as  on 
primary  reference  fuels.  If  the  maximum  requirement  is  at  maximum- 
throttle,  then  part-throttle  requirements  are  investigated  with  only 
FBRU  fuels  of  up  to,  and  including,  four  octane  numbers  lower  than  the 
maximum  requirement.  It  also  provides  octane  requirements  throughout 
the  speed  range  on  primary  reference  fuels. 

Spark  knock  and  surface  ignition  of  tank  fuel  will  also  be  determined. 


DEFINITION  OF  TERMS 


1.  The  following  definitions  of  knock  were  approved  by  the  CFR  and 
CLR  Committees  on  June  8,  1954,  and  will  be  used  in  this 
technique.  Knock  is  the  noise  associated  with  autoignition*  of  a 
portion  of  the  fuel-air  mixture  ahead  of  the  advancing  flame 
front.  The  flame  front  is  presupposed  to  be  moving  at  normal 
velocity.  With  this  definition,  the  source  of  the  normal  flame 
front  is  immaterial;  it  may  be  the  result  of  surface  ignition  or 
spark  ignition. 

a.  Spark  Knock:  A  knock  which  is  recurrent  and  repeatable  in 
terms  of  audibility.  It  is  controllable  by  the  spark 
advance;  advancing  the  spark  increases  the  knock  intensity, 
and  retarding  the  spark  reduces  the  intensity.  This 
definition  does  not  include  surface  ignition  knock. 

b.  Surface  Ignition  Knock:  Knock  which  has  been  preceded  by  a 
surface  ignition.  It  is  not  controllable  by  spark 
advance.**  It  may  or  may  not  be  recurrent  and  repeatable. 


\ 


Autoignition:  The  spontaneous  ignition  and  the  resulting  very  rapid 
reaction  of  a  portion  or  all  of  the  fuel-air  mixture.  The  flame  speed 
is  many,  many  times  greater  than  that  which  follows  normal  spark 
ignition.  There  is  no  time  reference  for  autoignition. 

For  the  purpose  of  this  program,  it  is  not  intended  that  surface 
ignition  knock  be  identified  by  manipulation  of  the  spark  advance. 


2.  The  following  definitions  of  knock  intensity  were  specifically 

adopted  for  use  in  this  technique: 

a.  No  Knock:  This  means  no  spark  knock  or  surface  ignition 
knock. 

b.  Borderline  Knock:  This  means  spark  knock  of  lowest  audible 
intensity,  recurrent  surface  ignition  knock  of  borderline 
intensity,  or  infrequent  (three  or  less)  surface  ignition 
knocks  regardless  of  Intensity. 

c.  Above  Borderline  Knock:  This  means  greater  than  borderline 
spark  knock,  recurrent  surface  ignition  knock  greater  than 
borderline  Intensity,  or  frequent  (four  or  more)  surface 
ignition  knocks  regardless  of  intensity. 


3.  Definition  of  Accelerations 

Accelerations  are  made  at  maxi mum-throttl e  and  part-throttle 

conditions  which  are  defined  below: 

a.  Maximum-Throttle:  The  throttle  is  depressed  and  held  at 
either  full-throttle  or  the  widest  throttle  position  that 
does  not  cause  the  transmission  to  downshift  (detent) 
throughout  the  acceleration  in  each  of  the  required  test 
gears  listed  in  0.3.d.(l)(a).  The  detent  manifold  vacuum 
obtainable  on  a  given  model  is  determined  by  the  trans¬ 
mission  characteristics.  For  manual  transmissions,  the 
throttle  is  depressed  fully  throughout  the  acceleration. 

b.  Part-Throttle:  The  throttle  is  depressed  and  regulated 
throughout  the  acceleration  to  maintain  a  desired,  constant 
critical  manifold  vacuum  in  highest  gear.  Part-throttle 
will  constitute  any  throttle  position  above  detent  vacuum 
(above  full-throttle  vacuum  for  manual  transmissions)  up  to 
the  highest  road-load  vacuum. 


VEHICLE  PREPARATION 

The  following  vehicle  preparation  steps  should  be  completed  before  any 
octane  tests  are  run.  Detailed  procedures  for  each  adjustment  can  be 
found  in  the  manufacturers'  shop  manuals. 

1.  Record  vehicle  identification  number  and  emission  control  type, 
Federal,  Altitude,  or  California.  Fill  in  heading  on  data  sheet 
DFMF- 11-1 183.  (For  knock  sensor  vehicles,  use  data  sheet  DFMF- 
26-1183.)  Ford  emission  calibration  numbers  are  to  be  recorded. 


2.  Inspect  all  vacuum  lines  and  air  pump  hoses  for  appropriate 
connections.  Also,  check  to  see  if  PCV  valve,  distributor  vacuum 
delay  valve,  EGR  valve,  and  heated  inlet  air  mechanism  are 
functioning.  Engine  must  be  warmed  up  for  these  checks. 

3.  Record  engine  idle  speed  and  observe  anti-diesel ing  solenoid 
operation.  Adjust  to  manufacturers'  recommended  specif ications 
as  specified  on  the  under-hood  decal. 

4.  Observe  and  record  basic  spark  timing  at  recommended  engine 
speed.  Adjust  to  manufacturers'  recommended  setting  as  specified 
on  the  under-hood  decal . 

5.  Crankcase  oil,  radiator  coolant,  automatic  transmission  fluid, 
and  battery  fluid  levels  shall  be  maintained  as  recommended  by 
the  manufacturer. 

6.  A  calibrated  tachometer  graduated  in  100  rpm  (or  smaller) 
increments  and  capable  of  indicating  engine  speed  from  0-5000  rpm 
shall  be  installed  on  each  vehicle. 

7.  One  calibrated  vacuum  gage,  graduated  in  one-half  inch  of  mercury 
(or  smaller)  increments  and  capable  of  indicating  vacuum  from  0- 
24  inches  of  mercury  (0-81  KPa)  shall  be  connected  to  the  intake 
manifold. 

8.  An  auxiliary  fuel  system  shall  be  provided  to  supply  test  fuels 
to  the  engine.  Caution  shall  be  taken  to  avoid  placing  auxiliary 
fuel  lines  in  locations  which  promote  vapor  lock.  If  vehicles 
with  carbureted  engines  have  tank  return  fuel  lines,  this  return 
line  should  be  blocked  off.  Disconnect  fuel  tank  vent  line  at 
evaporation  control  system  canister.  Instructions  for  fuel 
handling  with  fuel  injection  systems  are  given  in  Annex  A. 

9.  For  vehicles  with  owner  questionnaire  completed,  a  sample  of  the 
tank  gasoline  shall  be  withdrawn  for  determination  of  Research 
and  Motor  method  octane  number  ratings. 


TEST  PROCEDURE 


1 .  Engine  Warm-Up 

a.  To  stabilize  engine  temeratures,  a  minimum  of  ten  miles  of 
warm-up  is  required.  The  test  vehicle  should  be  operated  at 
55  mph  (88  kph)  in  top  gear  with  a  minimum  of  full-throttle 
ODeration. 


b. 


During  the  warm-up  period,  the  general  mechanical  condition 
of  the  vehicle  should  be  checked  to  insure  satisfactory  and 
safe  operation  during  test  work. 
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2.  Fuel  Changeover 

Caution;  Because  of  the  installation  of  catalytic  devices  on 
these  vehicles,  permanent  damage  may  result  if  the  engine  runs 
lean  or  stalls.  Therefore,  changeover  from  one  fuel  to  another 
must  be  accomplished  without  running  the  carburetor  or  fuel 
injection  system  dry.  Fuel  handling  procedures  for  vehicles 
equipped  with  fuel  Injection  systems  are  explained  in  Annex  A. 

To  eliminate  contamination  of  the  new  fuel  with  residual  amounts 
of  the  previous  fuel,  flush  system  twice  with  new  fuel. 

After  fuel  changeover,  make  one  maximum-throttle  acceleration 
before  beginning  Vehicle  Rating  Procedure. 


3.  Details  of  Observations 


i.  Operating  Conditions 

All  octane  number  requirements  will  be  determined  under 
level  road  acceleration  conditions. 

Tests  will  be  conducted  on  moderately  dry  days,  preferably 
at  ambient  temperatures  above  60°F  ( 1 5. 5°C ).  Tests  should 
not  be  conducted  during  periods  of  high  humidity  such  as 
prevail  when  rain  is  threatening  or  during  or  immediately 
after  a  rain  storm.  Laboratories  with  control  capabilities 
should  target  for  70°F  (21°C)  air  temperature  and  50  grains 
of  water  per  pound  (7.14  gm/kg)  of  dry  air  whenever 
possible. 

Air-conditioned  vehicles  will  be  tested  with  air  conditioner 
turned  ON.  (Normal  setting,  low  fan.)  Air  conditioner  will 
be  ON  at  all  ti mes. 


b.  Order  of  Fuel  Testing 

1)  Tank 

2)  FBRSU 

3)  FBRU 

4)  Primary 
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c.  Detennination  of  Knock  Intensity 

Octane  requirements  will  be  established  by  evaluating  the 
occurrence  of  knock  in  terms  of  knock  intensity:  "N"  for 
none,  "B"  for  borderline,  and  "A"  for  above  borderline. 
Establishment  of  representative  knock  intensity  for  a  given 
fuel  will  be  accomplished  with  the  fewest  number  of 
accelerations  possible.  As  defined  below,  the  first  two 
duplicating  accelerations  are  sufficient  with  "N"  and  "B" 
intensity. 


Number  of  Accelerations 

12  3 

N  N 

N  B  N 

N  B  B 

B  N  B 

B  B 

B  A 

A 


Representative 

Rating 


N 

N 

B 

B 

B 

A 

A 


.  • 


All  subsequent  accelerations  will  normally  be  discontinued 
when  "A"  knock  intensity  is  experienced,  and  testing 
continued  with  a  higher  octane  number  fuel  in  that  series. 
An  exception  will  be  made  if  “A"  knock  is  experienced  on  the 
highest  octane  fuel  which  knocks  in  the  engine.  In  this 
case,  it  may  be  necessary  to  run  additional  accelerations  to 
determine  the  speed  of  maximum  knock  intensity.  If  "A" 
knock  is  experienced  at  initiation  of  acceleration,  as 
limited  by  transmission  characteristics,  this  speed  will  be 
considered  the  speed  of  maximum  knock.  Otherwise,  the 
midpoint  between  knock-in  and  knock-out  will  be  considered 
the  speed  of  maximum  knock.  When  establishing  knock-in  and 
knock-out,  back  off  on  the  throttle  between  points  to 
eliminate  "A"  knock.  Tip-in  knock  and  knock  at  shift  points 
should  be  ignored. 


d.  Detennination  of  Octane  Requirements 

Tests  should  be  run  to  60  mph  (97  kph)  unless  required  to 
terminate  at  55  mph  (88  kph)  because  of  legal  speed  limits. 


The  procedure  for  knock  sensor-equ ' pped  cars  is  shown  in 
Annex  B. 


(1)  Vehicle  Operating  Procedure 


(a)  Establishment  of  Automatic  Transmission  Character¬ 


istics  (for  Maximum-Throttle  AccelerationsT 


Obtain  the  transmission  downshift  characteristics 
of  engine  rpm  and  manifold  vacuum  at  25,  35,  45, 
and  55  mph  (40,  56,  72,  and  88  kph)  incremental 
speeds  (as  obtainable  in  each  gear),  by  movement 
of  the  throttle  through  the  detent,  i.e.,  down¬ 
shift,  throttle  position.  Also  determine  the 
minimum  attainable  road  speed.  These  character¬ 
istics  are  to  be  determined  for  each  of  the  gears 
specified  in  the  table  below.  For  transmissions 
with  converter  clutches,  determine  the  minimum 
road  speed  for  clutch  application.  At  this 
initial  speed  and  at  10  mph  (16  kph),  increments 
up  to  about  60  mph  (97  kph)  determine  minimum 
vacuums  for  application.  Record  all  road  speed/ 
engine  rpm/vacuum  measurements  from  above  on  data 
sheet. 


The  vehicle  brakes  may  be  applied  lightly,  if 
necessary,  to  maintain  vehicle  speed,  except  when 
converter  clutch  engagement  is  desired,  in 
vehicles  so  equipped. 

The  selection  of  required  test  gears,  and  test 
gear/converter  clutch  combinations  (if  applicable) 
for  various  types  of  transmissions  are  listed 
below.  Transmissions  not  explicitly  described 
should  be  tested  in  a  manner  as  similar  as 
possible  to  those  listed.  Automatic  transmission 
vehicles  should  be  tested  with  the  gear  selector 
in  D  or  0. 


TRANSMISSION  GEAR  SELECTION 


AUTOMATICS 


Place  the  selector  in  "D"  or  ”0"  and  check  for  critical 
condition. 


Jffli 


Gears  to  be  Tested 


GM  4-speed 


4th  gear,  converter  clutch  engaged 

3rd  gear,  converter  clutch  disengaged 

2nd  gear,  converter  clutch  disengaged 
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GM  3- speed 


Ford  4-speed 
overdrive 


Other  3- speed 


MANUALS 

5- speed 
4- speed 
3- speed 


_ Gears  to  be  Tested _ 

3rd  gear,  converter  clutch  engaged 
3rd  gear,  converter  clutch  disengaged 
2nd  gear,  converter  clutch  disengaged 

4th  gear 
3rd  gear 
2nd  gear 

3rd  gear 
2nd  gear 


4th  and  3rd  gears 
4th  and  3rd  gears 
3rd  and  2nd  gears 


(b)  Maximum-Throttle  Requirements 
Transmissions 


Automatic 


For  maxi  mum- throttle  accelerations  in  each  of  the 
gears  and  gear/converter  clutch  combinations 
specified  above,  accelerate  at  the  detent/applica¬ 
tion  condition  according  to  the  speed  versus 
vacuum  profiles  determined  in  (a)  from  the  minimum 
obtainable  speed  up  to  60  mph  (97  kph).  If  the 
transmission  downshifts,  abort  and  start  the 
acceleration  again.  Start  with  the  highest  gear 
or  gear/clutch  combination  and  proceed  in  descend¬ 
ing  order. 

(c)  Maximum- Throttle  Requirements  -  Manual 
Transmissions  " 

Select  the  highest  gear  as  specified  in  the  table 
above.  Start  at  the  lowest  speed  from  which  the 
vehicle  will  accelerate  smoothly  or  30  mph  (48 
kph),  whichever  is  higher,  and  depress  the  throt¬ 
tle  full  throughout  the  acceleration  up  to  60  mph 
(97  kph). 

Select  the  next  lower  gear  specified  in  the  table 
above  and  accelerate  at  full  throttle  from  the 
minimum  speed  from  which  the  vehicle  will  accel¬ 
erate  smoothly  up  to  60  mph  (97  kph). 


(d)  Part-Throttle  Requirements  (Both  Automatic 
and  Manual  Transmissions) 

Select  the  highest  gear  or  highest  gear/converter 
clutch  combination  specified  in  the  table  above. 
To  obtain  the  critical  part-throttle  vacuum,  first 
operate  at  road  load  (constant  speed)*,  at  25,  35, 
45,  and  55  mph  (40,  56,  72,  and  88  kph)  incre¬ 
mental  speeds  (if  obtainable  in  the  specified 
gear).  At  each  speed,  move  the  throttle  (in  3  to 
5  seconds)  from  the  road-load  vacuum  to: 

1.  full-throttle  vacuum  for  manual  transmis¬ 
sions; 

2.  detent  vacuum  for  automatic  transmissions 
without  converter  clutches; 

3.  one  inch  Hg  (3.4  kpa)  above  the  minimum 
vacuum  at  which  the  converter  clutch 
disengages  for  so-equipped  automatic  trans¬ 
missions. 

The  vehicle  brakes  may  be  applied  lightly,  if 
necessary,  to  maintain  vehicle  speed  during 
throttle  fanning,  except  for  vehicles  with  con¬ 
verter  clutch  transmissions  or  EGR  cut-outs. 

If  knocking  occurs  within  any  of  the  vacuum 
ranges,  establish  the  manifold  vacuum  which  gives 
maximum  knock  intensity.  This  is  the  critical 
vacuum  to  be  used  for  all  subsequent  constant- 
vacuum  part-throttl e  accelerations  from  the 
minimum  obtainable  speed  in  the  test  gear  to  60 
mph  (97  kph),  or  until  te  vehicle  ceases  to 
accelerate*. 


(2)  Tank  Fuel  Observations  on  Vehicles  with  Owner’s 
Quest ionnai re 

Investigate  for  maxi mum-throttl e  and  part-throttle 
knock  as  detailed  in  Item  3d(  1 ).  Define  maximum  knock 
intensity  as  per  Item  3c.  Record  maximum  knock 
intensity,  speed  of  maximum  knock  intensity,  and 
manifold  vacuum  at  each  operating  condition. 


*  To  stabilize  vacuum  advance  in  vehicles  with  vacuum  delay  devices, 
operate  at  road  load  for  40  seconds  before  fanning  the  throttle  or  start¬ 
ing  the  acceleration. 


(3)  Vehicle  Rating  Procedure  (for  Rater) 

Knock  rating  should  be  performed  while  in  a  normal 
seated  position  (head  above  instrument  panel)  with 
floor  mats  in  place. 


Step  1  -  Using  a  fuel  estimated  to  give  borderline 
knock  in  a  given  fuel  series,  investigate  for 
incidence  of  knock  under  conditions  as 
described  in  D.3.d.(l)(b)  above,  and 
D.3.d.(l)(c)  above,  whichever  is  applicable. 


Step  2  -  If  no  knock  occurs,  go  to  a  lower  octane 
number  blend  in  that  series  and  repeat  Step  1. 


Step  3  -  If  knock  occurs  at  one  or  more  of  the 
operating  conditions  in  Step  1,  continue 
investigation  at  the  critical  condition(s) 
with  higher  octane  blends  until  highest  octane 
fuel  giving  knock  is  determined  within  one 
octane  number  or  one  blend.  Record  maximum 
knock  Intensity  on  all  fuels.  Record  speed  of 
maximum  knock  intensity  and  manifold  vacuum  on 
highest  octane  fuel  that  knocks. 


Step  4  -  Using  the  lowest  octane  blend  that  did  not 
knock  in  Step  3,  investigate  for  incidence  of 
part-throttle  knock  as  described  in 
D.3.d.(l)(d).  If  knock  occurs,  continue 
investigation  at  critical  vacuum  until 
requirement  is  defined.  Record  maximum  knock 
intensity  and  critical  manifold  vacuum  on  all 
fuels,  and  speed  of  maximum  knock  intensity  on 
highest  octane  fuel  that  knocks. 


Step  5  -  With  FBRU  fuel  only,  if  no  knock  occurs  in 
Step  4,  go  to  a  1  ower  octane  number  blend  and 
repeat  Step  4.  Discontinue  part-throttle 
investigation  if  knock  is  not  observed  with  a 
fuel  four  octane  numbers  lower  than  determined 
in  Step  3. 


The  rating  procedure  is  given  in  arrow  diagram  form  on 
page  D-24. 


Octane  requirements  over  the  speed  range  will  be 
obtained  on  primary  reference  fuels  only  using  throttle 
position  for  maximum  requirements.  These  will  be 
established  by  recording  the  knock-in  and  knock-out 
points  during  maximum  requirement  acceleration  with 
each  incremental  fuel  investigated.  It  may  be  neces¬ 
sary  to  test  one  or  two  additional  lower  octane  fuels 
to  describe  the  knocking  characteristics  over  the  speed 
range.  Accelerate  at  maximum  requirement  throttle 
position  from  minimum  obtainable  speed  as  determined  in 
3d ( 1 ) ( a ) »  up  to  3750  rpm,  if  necessary,  in  order  to 
define  requirements.  These  should  be  run  to  60  mph  (97 
kph)  unless  required  to  terminate  at  55  mph  (88  kph) 
because  of  legal  speed  limits.  If  3750  rpm  cannot  be 
attained  in  top  gear,  accelerations  shall  be  dis¬ 
continued  and  resumed  in  the  next  highest  gear  from  500 
rpm  below  the  engine  speed  at  which  top  gear  acceler¬ 
ations  were  determined. 

When  "A"  knock  is  experienced,  continue  the 
acceleration,  but  back  off  on  the  throttle  to  maintain 
"8"  knock  until  just  prior  to  the  knock-out  point. 


INTERPRETATION  OF  DATA 

The  data  will  be  recorded  on  data  sheet  DFMF- 11-1 183  (DFMF-26-1183  for 
knock  sensor-equipped  vehicles).  Octane  requirements  for  all 
reference  fuels  shall  be  determined  as  follows: 

1.  If  the  knock  intensity  of  the  highest  fuel  giving  knock  is 
borderline,  the  requirement  shall  be  reported  as  the  octane 
number  of  that  fuel . 

2.  If  the  knock  intensity  of  the  highest  fuel  giving  knock  is  above 
borderline,  the  requirement  shall  be  reported  as  one-half  the 
difference  between  the  fuel  giving  knock  and  the  next  highest 
fuel . 

3.  If  the  octane  requirement  in  high  gear  is  equal  to  the 
requirement  in  passing  gear,  report  the  highest  gear  data. 

4.  For  part-throttle  requirements,  report  the  data  from  the  highest 
manifold  vacuum  observations. 

Speed  range  data  shall  be  reported  on  data  sheet  DFMF- 11-1 183  as  the 
engine  speed  of  knock-in  and  knock-out  for  the  octane  number  of  the 
primary  reference  fuel  tested. 


Record  data  on  all  fuels  tested,  even  though  knock  was  not 
encountered.  When  transferring  data  to  the  summary  block,  record  the 
higher  requirement,  either  part-throttle  or  maximum-throttle  condition 
for  all  fuels.  If  the  higher  requirement  is  not  part-throttle,  record 
the  part-throttle  FBRU  requirement.  Use  proper  letter  designation 
(see  footnotes  on  data  sheet)  to  designate  requirements  outside  of  the 
reference  fuel  limits  or  FBRU  part-throttle  requirement  more  than  four 
numbers  below  maximum. 

Requirements  for  the  various  engine  speeds  will  be  determined  by 
fitting  a  smooth  curve  through  the  knock-in  and  knock-out  points  on 
work  form  DFMF-12-1183.  Primary  reference  fuel  requirements  at 
various  engine  speeds  should  be  reported  to  the  nearest  one-half 
octane  number  and  recorded  on  the  speed  range  summary  block. 

It  is  important  that  the  vehicle  identification  number  (VIN)  of  each 
vehicle  tested  be  recorded  on  all  data  sheets  to  provide  a  means  of 
cross-indexing. 


nvestigate  for  Knock  at  Maximum-Throttle 
Conditions  In  Selected  Test  Gears* 


Rate  With  Higher  Octane  Fuels 
to  Define  Requirement 
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ANNEX  A 

TO  THE  CRC  E- 15-83  TECHNIQUE 


PROCEDURE  FOR  SETTING  UP  VEHICLES  AND  HANDLING  REFERENCE 
FUELS  —  VEHICLES  EQUIPPED  WITH  MULTIPLE-PORT  FUEL  INJECTS 


To  run  octane  requirements  on  fuel-injected  vehicles  it  is  necessary 
to  run  an  external  fuel  line  to  the  inlet  of  the  vehicle  fuel 
injection  pump. 

The  fuel  return  line  from  the  engine  to  the  fuel  tank  must  be 
disconnected  after  the  fuel  pressure  regulator  (in  engine  compartment) 
and  before  the  fuel  tank.  An  auxiliary  line  long  enough  to  reach  the 
cans  must  be  added  to  the  fuel  return  line. 

Make  certain  that  the  fuel  tank  connections  are  plugged;  this  means 
both  the  normal  fuel  pump  inlet  line  and  the  normal  fuel  return  line 
connection.  On  vehicles  with  an  in-tank  booster  pump,  this  pump  must 
be  shut  off  so  it  cannot  run  during  the  time  the  vehicle  is  operating 
on  the  external  fuel  system.  If  this  pump  is  not  disconnected,  it 
will  be  destroyed. 

An  electric  fuel  pump  (Bendix  type  acceptable)  must  be  used  to  draw 
fuel  from  the  reference  fuel  can  to  supply  the  fuel  injection  pump  on 
the  vehicle.  Caution  must  be  exercised  to  keep  the  fuel  line  between 
the  reference  fuel  cans  and  the  vehicle  fuel  injection  pump  full  of 
fuel.  If  very  much  air  gets  into  this  line,  the  fuel  injection  system 
will  become  air  bound  and  it  is  difficult  to  get  the  air  out  of  the 
system. 

Once  the  fuel  injection  pump  line  and  return  line  have  been  discon¬ 
nected,  all  subsequent  operations  must  be  done  from  an  external  fuel 
source. 

It  is  possible  to  use  three-way  valves  in  the  fuel  line  between  the 
fuel  pump  and  the  fuel  tank  and  between  the  return  line  and  the  fuel 
tank.  When  used,  the  operator  must  change  the  return  line  valve  to 
the  auxiliary  fuel  system  while  the  engine  is  shut  down,  to  avoid 
building  up  excessive  pressure  in  the  return  line  which  could  damage 
both  the  fuel  pressure  regulator  and  injection  pump. 

When  changing  from  one  reference  fuel  to  another,  the  following  steps 
must  be  followed: 

a.  Put  fuel  inlet  line  in  reference  fuel  tank  with  the  return  line 

going  to  a  slop  fuel  can.  Do  not  keep  fuel  inlet  line  out  of  the 

fuel  can  any  longer  than  is  necessary  to  move  it  from  one  can  to 

the  next.  DO  NOT  RUN  OUT  OF  FUEL. 


b.  Observe  the  fuel  stream  in  the  fuel  return  line.  As  soon  as  a 
steady  flow  of  fuel  is  observed,  move  the  fuel  return  line  to  an 
empty  one-quart  can  (0.946  si).  Allow  one  quart  (0.946  i)  of  fuel 
to  flow  into  this  can  before  inserting  the  return  line  into  the 
chosen  reference  fuel  can.  This  operation  should  take  about  60 
seconds. 

c.  When  going  to  the  next  reference  fuel,  it  will  be  necessary  to 
repeat  Steps  a  and  b. 

The  fuel  injection  pumps  on  most  vehicles  pump  between  30  and  50 
gallons  (114-189  Vh)  of  fuel  per  hour.  Therefore,  Steps  a  and  b 
should  be  folowed  very  closely  or  there  will  be  gross  reference  fuel 
contamination,  or  you  will  use  a  lot  more  reference  fuel  than  is 
required  to  run  each  test.  If  Steps  a  and  b  are  followed  exactly,  you 
will  be  discarding  to  slop  about  two  quarts  (1.892  £)  of  reference 
fuel  each  time  you  change  reference  fuels.  The  two  quarts  (1.892  a) 
to  slop  will  be  at  least  as  much  fuel  as  is  consumed  to  obtain  the 
reference  fuel  rating. 


PROCEDURE  FOR  SETTING  UP  VEHICLES  AND  HANDLING  REFERENCE  FUELS 
—  VEHICLES  EQUIPPED  WITH  THROTTLE-BODY  FUEL  INJECTION 


The  General  Motors  throttle-body  fuel  injection  system  is  shown  in  the 
attached  schematic  drawing.  The  fuel  supply  system  consists  of  an  in- tank 
electric  fuel  pump,  a  full-flow  fuel  filter  mounted  on  the  vehicle  frame,  a 
fuel  pressure  regulator  integral  with  the  throttle  body,  fuel  supply  and 
return  lines,  and  two  fuel  injectors.  The  injection  timing  and  amount  of 
fuel  supplied  is  controlled  by  an  electronic  control  module  (not  shown  in 
figure).  To  prepare  a  vehicle  with  this  system  for  octane  requirement 
testing,  an  auxiliary  electric  fuel  pump  must  be  installed.  The  fuel 
pressure  regulator  controls  fuel  pressure  at  the  injectors  to  a  nominal 
10.5  psi;  therefore,  an  auxiliary  pump  capable  of  at  least  10.5  psi  outlet 
pressure  must  be  used  for  satisfactory  engine  operation.  The  following 
procedure  is  recommended  for  preparing  a  vehicle  with  throttle-body  fuel 
injection  for  octane  requirement  testing  and  for  changing  reference  fuels 
during  such  testing: 

1.  Disconnect  and  plug  the  fuel  supply  and  fuel  return  lines  at  the 
locations  shown  in  the  figure.  Install  an  additional  line  between  the 
fuel  supply  line  and  the  outlet  of  the  auxiliary  pump.  Connect  the 
inlet  of  the  auxiliary  pump  to  the  reference  fuel  can.  Connect  the 
fuel  return  line  to  the  reference  fuel  can  through  a  tee  at  the 
auxiliary  pump  inlet.  All  auxiliary  fuel  lines  are  indicated  by 
dashed  lines  in  the  figure. 

2.  An  optional  arrangement  would  be  to  use  three-way  selector  valves  in 
the  fuel  supply  and  fuel  return  lines  at  the  locations  where  auxiliary 
fuel  lines  are  connected.  When  these  valves  are  used,  the  operator 
must  change  the  valves  to  the  external  fuel  system  while  the  engine  is 
shut  off  to  avoid  building  up  excessive  pressure  in  the  fuel  return 
line. 

3.  Disconnect  the  in- tank  fuel  pump  so  it  cannot  run  during  the  time  the 
vehicle  is  operating  on  the  external  fuel  system.  If  this  pump  is  not 
disconnected,  it  may  be  destroyed. 

4.  When  changing  from  one  reference  fuel  to  another,  the  followign  steps 
should  be  followed: 

a.  Disconenct  fuel  inlet  line  from  reference  fuel  can  and  run  engine 
a  short  time;  do  not  run  out  of  fuel  since  this  will  introduce 
air  into  the  fuel  injection  system,  and  excessive  cranking  will 
be  required  to  restart  the  engine. 

b.  Insert  fuel  inlet  line  in  desired  reference  fuel  can;  operate 
vehicle  for  two  miles  at  a  maximum  speed  of  55  mph  during  which 
time  four  part-throttle  accelerations  are  made.  This  must  be 
done  to  ensure  that  the  vehicle  fuel  system  has  been  purged  and 
contains  the  desired  reference  fuel  for  octane  rating. 

c.  When  changing  to  another  reference  fuel,  repeat  Steps  a  and  b. 
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PROCEDURE  FOR  SETTING  UP  VEHICLES  AND  HANDLING  REFERENCE  FUELS 
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PROCEDURE  FOR  SETTING  UP  VEHICLES  AND  HANDLING  REFERENCE  FUELS 
—  FORD  VEHICLES  EQUIPPED  WITH  CENTRAL  FUEL  INJECTION  SYSTEM 


A  vehicle  schematic  of  one  of  Ford's  central  fuel  Injection  systems  is 
shown  on  the  following  drawing  (other  systems  vary  in  configuration 
dependent  upon  engine/model  type  -  see  note  1).  This  fuel  system  consists 
of:  an  electric  in-tank  fuel  pump,  primary  and  secondary  full-flow  fuel 
filters,  throttle-body  assembly  with  Integral  fuel  pressure  regulator  and 
two  fuel  injectors,  fuel  supply  and  return  lines.  The  following  procedure 
is  recommended  for  preparing  the  vehicle  for  octane  requirement  testing: 

1.  Relieve  pressure  in  fuel  system  using  valve  provided  on  throttle  body. 
Fuel  supply  lines  will  remain  pressurized  for  long  periods  of  time 
after  engine  shut  down.  Disconnect  and  cap  the  fuel  supply  and  fuel 
return  lines  leading  from  the  fuel  tank.  Access  to  connection  points 
may  be  obtained  through  either  the:  rear  wheel  wells,  underbody,  or 
engine  compartment,  dependent  upon  vehicle  type.  Install  additional 
lines  to  the  open  supply  and  return  lines  and  lead  these  lines  back 
into  the  vehicle. 

2.  Connect  the  added  fuel  supply  line  to  an  auxiliary  fuel  pump.  The 
fuel  pressure  regulator  in  the  throttle  body  controls  fuel  pressure  to 
a  nominal  39.9  psi;  therefore,  it  requires  an  auxiliary  fuel  pump 
capable  of  providing  at  least  45  psi  outlet  pressure  (see  note  1). 
The  added  5.1  psi  is  needed  to  sufficiently  overcome  the  pressure  head 
and  line  restriction  losses.  Connect  a  supply  line  to  the  auxiliary 
pump  from  the  reference  fuel  can.  A  fuel  filter  may  be  required 
between  the  auxiliary  pump  and  reference  fuel  can  to  protect  the  pump. 
Also,  connect  the  added  fuel  return  line  to  the  fuel  reference  can  and 
vent  the  reference  can  to  outside  the  vehicle. 

3.  Disconnect  the  electrical  supply  to  the  electric  in-tank  fuel  pump, 
either  by  disconnecting  the  plug  on  the  fuel  tank  or  by  disarming  the 
inertia  switch  located  in  the  trunk.  Failure  to  disarm  the  in-tank 
fuel  pump  may  result  in  a  damaged  pump.  The  voltage  supplied  to  the 
inertia  switch  may  be  used  as  an  electrical  source  for  the  auxiliary 
fuel  pump.  This  voltage  source  is  controlled  by  the  on-board  computer 
allowing  the  auxiliary  pump  to  respond  the  same  as  would  the  in-tank 
fuel  pump.  When  making  this  connection,  do  not  "splice"  into  the 
wire,  instead  connect  the  wire  lead  to  the  connector. 

4.  When  changing  from  one  reference  fuel  to  another,  the  following  steps 
should  be  followed,  or  else  reference  fuels  may  become  contaminated: 

a.  With  the  engine  shut  off,  disconnect  the  fuel  return  line  from 
the  reference  fuel  can  and  connect  it  to  an  extra  empty  can. 
Connect  the  fuel  pump  supply  line  to  the  new  reference  fuel  can 
and  run  the  engine  for  approximately  30  seconds,  purging  the  old 
reference  fuel  into  the  extra  can  (timing  is  dependent  upon 
length  of  added  fuel  lines).  After  the  sytem  is  purged,  shut  the 
engine  off  and  connect  the  fuel  return  line  to  the  new  reference 
fuel  can  forming  a  closed  fuel  loop.  Now  the  vehicle  is  ready  to 
be  tested  on  the  desired  reference  fuel. 

b.  When  changing  to  another  reference  fuel,  repeat  Step  a. 


1/  NOTE: 

Some  vehicles  have  both  a  low  pressure  in- tank  fuel  pump  and  a  high  pressure 
under  body  fuel  pump.  The  on-board  high  pressure  pump  may  be  used  if  suppli 
with  an  auxiliary  pump.  In  all  cases,  it  is  required  that  on-board  pumps  no 
used,  be  disarmed.  The  inertia  switch  located  in  the  rear  of  the  vehicle  will 
disarm  both  pumps.  Fuel  lines  on  some  vehicles  may  be  accessed  only  in  the 
engine  compartment,  or  by  dropping  the  fuel  tank. 
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ANNEX  B 


TO  THE  CRC  E- 1 5-83  TECHNIQUE 

ONR  MEASUREMENT  WITH  KNOCK  SENSOR-EQUIPPED  VEHICLES 
_ AUDIBLE  KNOCK  TECHNIQUE _ 


Integrated  electronic  controls  on  some  vehicles  precludes  the  use  of 
instrumentation  to  measure  spark  retard  with  knock  sensor-equipped 
vehicles.  Being  integrated  with  other  systems  in  the  vehicle,  there  is  no 
reference  to  a  base  spark  advance;  therefore,  an  audible  knock  technique 
must  be  used. 

The  audible  technique  will  be  used  on  all  knock  sensor-equipped  vehicles. 

Prepare  the  vehicle  according  to  Section  C  (Vehicle  Preparation)  of  the  E- 
15-83  Technique.  Make  tank  fuel  observations  as  described  in  D.3.d( 2)  of 
the  technique. 

Using  an  estimated  non-knocking  fuel,  accelerate  as  defined  in  paragraph 
B-3.  Using  lower  octane  fuels,  determine  the  fuels  for  the  following 
conditions: 

1.  Highest  octane  fuel  that  gives  borderline  knock 
(Maximum  Requirement). 

2.  Lowest  octane  fuel  that  gives  borderline  knock 
(Minimum  Requirement). 

These  are  to  be  determined  with  FBRSU,  FBRU,  and  PR  fuels.  Data  should  be 
recorded  on  data  form  DFMF-26-1183.  Use  a  separate  data  form  for  each 
reference  fuel  series. 


1983  OCTANE  NUMBER  REQUIREMENT  SURVEY  DATA 


(For  Appendix  E  Only) 


Emission  Certification  (EMCT): 

Knock  Sensor: 

Air  Conditioner: 

Spark  Advance: 

Test  Fuel : 

Octane  Number  Requirements: 
(expressed  as  Research  ON) 


Noise  Type  (NTYPE): 

Throttle: 


A  Altitude 
C  California 
F  Federal 

B  Both  California  and  Altitude 

Y  Yes 
N  No 


Y  Yes 

N  No 

+  Before  Top  Center 
After  Top  Center 

1  Tank  Fuel 

2  FBRSU 

3  FBRU 

4  PR 

L  Less  than  lowest  available  ON  for  FBRU  and 
FBRSU  fuels  and  less  than  76  for  PR  fuels 

H  Higher  than  highest  available  ON  for  FBRU 
and  FBRSU  fuels  and  higher  than  97  ON  for 
PR  fuels 

F  Part-throttle  requirement  greater  than  four 
numbers  below  maximum-throttle  requirement 

K  Spark  Knock 

5  Surface  Ignition 

B  Both  Spark  Knock  and  Surface  Ignition 

M  Maximum 

P  Part 


Gear: 


1-5  Manual  and  Automatic 


Manifold  Vacuum  (MV):  Inches  Hg 

Owner  Reported  Knock  (OWKNK):  Y  Yes,  Not  Objectionable 

0  Objectionable 
N  No 


Rater-Reported  Noise  Intensity 
(NINT): 


N  None 
B  Borderline 
A  Above  Borderline 


VEHICLE  DESCRIPTION  WEATHER  OCTANE  NUMBER  REQUIREMENT  DATA  TANK  FUEL  INFORMATION 


82.0  N 


VEHICLE  DESCRIPTION  WEATHER  OCTANE  NUMBER  REQUIREMENT  DATA  TANK  FUEL  INFORMATION 


87.0  K  M  3  2700 
85.0  K  M  3  2750 
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APPENDIX  F 


PROCEDURES  FOR  PLOTTING 
OCTANE  NUMBER  REQUIREMENT  DISTRIBUTION  DATA 


WEIGHTED  VEHICLE/CAR  POPULATIONS 


Weighting  factors  for  each  vehicle  model  were  developed  from  information 
supplied  by  the  US  vehicle  manufacturers  and  from  Information  published 
(Ward's  Automotive  Reports)  for  imported  vehicles.  These  weight  factors 
were  proportioned  to  the  relative  production  and/or  sales  volumes  of  the 
vehicles  tested. 

For  any  vehicle  having  octane  requirements  lower  (L)  than  the  lowest  octane 
number  fuel  available  within  a  given  fuel  series,  a  number  0.5  Research/0.4 
Motor  lower  was  assigned.  Similarly,  for  any  vehicle  having  octane 
requirements  higher  (H)  than  the  highest  octane  fuel  available  within  a 
given  fuel  series,  a  number  0.5  Research/0.4  Motor  higher  was  assigned. 

The  weighting  factors  of  each  vehicle  model  were  divided  by  the  number  of 
vehicles  tested  to  calculate  individual  vehicle  weight  factors.  The  octane 
requirements  for  each  vehicle  were  then  arranged  in  increasing  order  with 
the  appropriate  individual  weighting  factors.  The  percent  of  vehicles  at 
each  octane  requirement  level  represents  the  summation  of  all  vehicle 
weighting  factors  before  that  level,  plus  one-half  the  sum  of  the  weighting 
factors  at  that  level.  The  individual  vehicle  weighting  factors  are 
adjusted  so  that  the  summation  of  all  weighting  factors  is  100.00  for  any 
vehicle  population  of  interest.  The  midpoint  percentiles  are  plotted 
versus  octane  number  requirement  on  arithmetic  probability  paper  and  a 
distribution  curve  is  drawn  through  the  points.  These  distributions  are 
then  plotted  point  to  point  on  Cartesian  coordinates  for  figures  shown  in 
the  survey  report. 


SELECT  CAR  MODELS 


For  individual  car  models,  the  octane  number  requirement  distribution 
curves  were  plotted  by  the  "Z"  method  as  described  in  "Statistical  Estima¬ 
tion  of  the  Gasoline  Octane  Number  Requirement  of  New  Model  Automobiles," 
C.  S.  Brineqar  and  R.  R.  Miller,  Technometrics,  Vol.  2,  No.  1,  February 
1960. 

The  procedure  is  as  follows: 

For  any  cars  having  octane  requirements  lower  (L)  than  the  lowest 
octane  number  fuel  available  within  a  given  fuel  level,  a  number  1.0 
Research/0.7  Motor  lower  was  assigned.  Similarly,  for  individual  cars 
having  octane  requirements  higher  (H)  than  the  highest  octane  fuel 
available  within  a  given  fuel  series,  a  number  1.5  Research/1.1  Motor 
higher  was  assigned. 


Using  all  observed  and  estimated  octane  number  values,  calculate  the 
mean  (X)  and  the  standard  deviation  (s)  from  the  data  for  each  car 
model . 


s 


n 


n  *  Number  of  cars  of  that  model. 


Estimate  octane  number  requirements  at  the  percentiles  of 
interest  from  octane  number  requirement  distribution  data  by 

O.N.  *  X  +  ks 

Where  k  is  selected  from  normal  distribution  tables. 

Values  of  k  used  to  calculate  percentiles  in  this  report  are: 


Percentile 

k 

5 

-1.645 

10 

-1.282 

20 

-0.842 

30 

-0.524 

40 

-0.253 

50 

0 

60 

+0.253 

70 

+0.524 

80 

+0.842 

90 

+1.282 

95 

+1.645 

The  requirements  were  arranged  in  increasing  order  and  plotted  on 
arithmetic  probability  paper;  the  percent  satisfaction  for  any 
car  is  calculated  by  the  following  relationship: 

Percent  satisfied:  i^  car  =  (i-0.5)  100 

N 

Where  N  is  the  total  number  of  cars  tested  for  a  given  fuel  and 
i  is  an  integer  having  increasing  values  from  1  to  N. 


For  this  report,  straight-line  octane  number  requirement  versus 
percent  car  satisfaction  curves  for  the  select  models  were  drawn 
via  a  two-point  plot  of  the  mean  and  standard  deviation.  From 
inspection  of  the  curves,  revised  L  and  H  values  may  be  indi¬ 
cated.  An  alternate  method  to  obtain  the  octane  number  require¬ 
ment/percent  satisfied  curves  is  to  fair  a  curve  through  plotted 
points. 


CONFIDENCE  LIMITS  OF  OCTANE  NUMBER  REQUIREMENT  DISTRIBUTIONS 


Octane  number  requirements  of  vehicles  presented  in  this  survey  are  deter¬ 
mined  at  the  levels  that  satisfy  certain  percentages  of  specific  vehicle 
populations.  In  many  cases,  the  recorded  octane  number  requirement  is 
followed  by  a  plus  and  minus  limit,  referred  to  as  the  confidence  interval. 
These  limits  give  the  interval  within  which  the  requirement  for  that  satis¬ 
faction  level  would  be  expected  95  percent  of  the  time  in  replicate 
testing. 

At  the  50  percent  satisfaction  level,  the  95  percent  confidence  interval  is 
calculated  as  follows: 


where  t  =  Students  t  at  the  proper  number  of  degrees  of  freedom* ** 

s  =  Standard  deviation,  calculated  directly  from  the  data  or 
estimated  as  the  difference  between  the  84.16th  and  50th 
percentiles  (assuming  normal  distribution) 

n  =  Number  of  vehicles  in  population. 

At  other  satisfaction  levels: 


At  the  90  percent  satisfaction  level,  k  *  1.2817.  For  other  satisfaction 
levels,  appropriate  values  for  k  may  be  found  in  the  standard  statistical 
tables. 


Degrees  of 

Degrees  of 

Freedom 

t 

Freedom 

t 

1 

12.706 

18 

2.101 

2 

4.393 

19 

2.093 

3 

3.182 

20 

2.086 

4 

2.776 

21 

2.080 

5 

2.571 

22 

2.074 

6 

2.447 

23 

2.069 

7 

2.365 

24 

2.064 

8 

2.306 

25 

2.060 

9 

2.262 

26 

2.056 

10 

2.228 

27 

2.052 

11 

2.201 

28 

2.048 

12 

2.179 

29 

2.045 

13 

2.160 

30 

2.042 

14 

2.145 

40 

2.021 

15 

2.131 

60 

2.000 

16 

2.120 

120 

1.980 

17 

2.110 

00 

1.960 

*  Distribution  of  t  for  probability  =  0.05. 

**  Degrees  of  Freedom  =  (n-1). 
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OCTANE  NUMBER  REQUIREMENTS 
OF  KNOCK  SENSOR-EQUIPPED  VEHICLES 


TABLE  H-I 


Model  Code 

NTLH  450A4 
LGA  238A3 
NVMH  450A4 
IGA  238A3 
NFS  F50A4 
LAE  230A3 
NTMH  450M4 
LGA  238A3 
HGA  238A3 
LGA  238A3 
LGA  238A3 
KL8  222M5 
NY8  F57A4 
LB4  441A4 
A  TF20M5 
LGA  2 38 A 3 


*  Listed  i 


OCTANE  NUMBER  REQUIREMENTS 
OF  KNOCK  SENSOR-EQUIPPED  VEHICLES* 


Reference  Fuels 


FBRSU  FBRU  PRF 


High** 

Low  ** 

High** 

Low  ** 

High** 

Low 

82.0 

81.0 

81.0 

81.0 

81.0 

81. 

87.0 

82.0 

87.0 

82.0 

86.0 

80. 

88.0 

82.0 

87.0 

82.0 

87.0 

82. 

90.0 

87.0 

89.0 

85.0 

87.0 

85. 

91.0 

88.0 

90.0 

87.0 

87.0 

84. 

92.0 

80.0 

90.0 

L 

86.0 

77. 

93.0 

89.0 

92.0 

88.0 

92.0 

88. 

94.0 

88.0 

92.0 

88.0 

89.0 

86. 

94.0 

84.0 

92.0 

82.0 

82. 

96.0 

96.0 

93.0 

91.0 

90.0 

89. 

96.0 

-- 

93.0 

— 

94.5 

-- 

-- 

-- 

94.0 

— 

-- 

-- 

94.0 

94.0 

94.0 

94.0 

92.0 

91. 

98.0 

88.0 

96.0 

87.0 

92.0 

87. 

96.0 

96.0 

98.0 

96.0 

H 

98. 

101.0 

89.0 

101.0 

90.0 

95.0 

89. 

order  of  increasing  octane  number  requirement. 


**  High  =  Maximum  (high  borderline)  Requirement 
Low  =  Minimum  (low  borderline)  Requirement 


APPENDIX  I 

MAXIMUM  OCTANE  NUMER  REQUIREMENTS 
OF  SELECT  MODELS 
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Standard  Deviation;  N  =  Number  of  Observations 


FIGURE  J-2 


PRF  SPEED  RANGE  OCTANE  NUMBER  REQUIREMENTS 


FIGURE  J-3 


PRF  SPEED  RANGE  OCTANE  NUMBER  REQUIREMENTS 


FIGURE  J-4 


PRF  SPEED  RANGE  OCTANE  HUMBER  REQUIREMENTS 

1983  SELECT  MODEL:  003  238A3/0D3  238A4 

MD3  238A3/0E3  238A3 
0E3  238A4/ME3  238A4 


FIGURE  J-5 
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